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NOTICE
This report has been edited to delete proprietary information

provided by certain vendors. The original report was intended

only for internal use at Andrews University.
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SUMMARY

This report summarizes the results of approximately nine man-months

of study by the Computer Selection Committee appointed on August 7,

1972, by President Hammill. A summary of major findings and recom-

mendations is presented below. Further recommendations and justifi-~

cation are contained in the body of this report.

FINDINGS

Cost factors indicate that total university needs can
best be served by one computer system serving both
academic and administrative users.

Academic and administrative computing requirements
include support of versatile timesharing, support of
concurrent timesharing and batch processing, support
of batch multiprogrdaming, support of input-output
spooling, and capability to process 100,000 character
batch programs.

The cosﬁ of an adequately configured IBM 370/135 is
proﬁibitively high reéardless of financing method.
The cost.of commercial timesharing services is sig-

nificantly higher than similar services provided by an

iii



on-site computer systemn.

The Selection Committee was asked to evaluate several
plans involving the expansion of the presently installed
IBM 360/22. Even with the maximum possible system ex-
pansion of the IBM 360/22, resultant systems fail to pro-
vide adequate batch or timesharing capabilities.

The Xerox Sigma & computer system, described in the re-
port, best meets the needs of Andrews University on the
basis of demonstrable system hardware and software ca-
pability, vendor software support, vendor maintenance sup-
port, vendor conversion support, system growth options,
financial arrangements, and total cost.

Present Computing Center staffing is not adequate to

meet academic needs.

RECOMMENDATIONS

O

ERIC

Aruitoxt provided by Eic:

Xerox should be designated as the vendor to supply com-
puting equipment/and related services required by An- ;
drewe University.
Negotiations shodld be initiated with Xerox representa-
tives to finalize the following:
a. An installment purchase contract to purchase the
proposed Sigma 6 computer system (less printer and

unit record devices) for delivery prior to June

15, 1973. The anticipated cost (based on six per-
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ERIC

Aruitoxt provided by Eic:

b.

c.

e.

cent simple interest on the unpaid balance)

is $5,995 per month.

A lease of the unit record and printer sub-
systems (card reader, card punch, and printer).
The anticipated cost is $1,836 per month.

A maintenance contract for purchased equip-
ment. The anticipated cost is $2,650 per month.
A conversiQn services contract. Anticipated

total cost is $1,300.

Installation, conversion, and training schedules.

In order to answer specific needs of Andrews University,

certain,non:sgggggrd contractural arrangements should be

negotiated with Xerox:

a.

d.

Location of nearest maintenance personnel,

systems analyst personnel, and spare‘parts

storage facility.

An agreement to subsequently upgrade the purchased
portior of the selected system,

An agreement to provide maintenance service on the
installed system for the duration of the install-
ment purchase contract at guaranteed rates.

An agreement to provide 'mew style" memory.

Standard Xerox contracts for lease, installment purchase,

and maintenance should be evaluated by a commercial law-

ver for potential sources of difficulty. Final contracts

should be reviewed by a commercial lawyer prior to acceptance.



e The contractural arrangements made with Xerox should
bear the name of General Conference Corporation of
Seventh-day Adventists rather than Andrews University
Corporation. If this is not feasible, a non-standard
agreement should be made with Xerox to permit transfer
of the system to any other denominational affiliate
at our discretion.

e A study of optimum methods of procuring terminals (as
outlined in Section 5), a plotter, and an optical page
reader should be conducted as a supplement to the com-
puter selection study. This study should also isolate
requirements for disk packs, tapes, and storage facilities
and op;imum methods for procurement.

e 4 study of required physical plant modifications should
be instituted as a supplement to the computer selection
study. At this time it appears as if no structural mod-
ifications will be necessary.

e Steps should be taken promptly to hire a qualified academic
consultant.

e All Magnetic Card Selectric Typewriter systems on campus
should be replaced by 2741-like terminals as soon after

system installation as practicable.

vi
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Section 1

INTRODUCTION

It is unworthy of excellent men to
lose hours like slaves in the labor
of calculation.

—~—Gottfried Wilhelm Leibniz

1.1 INTRODUCTION

Leibniz recognized as early as 1697 that considerable creative power was
wasted in tedious calculations. Today the computer has relieved such
burdens in diverse fields, and the extension of hﬁman capabilities made
possible by computing systems has made them a part of everyday life in
our society. Whether a student will require detailed knowledge of com-
puter systems as a tool in his professional arsenal or merely a famili-
arity as part of a liberal education, there are few students who cannot
benefit from exposure to the use of a digital computer system. In many

disciplines such experience is an integral part of a quality education.

The acceptance of a computing system by students and faculty is largely
dependent on ease of use of the system. In evaluating case of use factors,

the Selection Committee has found the most significant single factor to be

provision for timesharing. Timesharing (the use of a computer from remote
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Section 2

THE STUDY
2,1 THE COMMITTEE

On August 7, 1972, a committee was appointed by President Richard
Hammill to study requirements for academic computing at Andrews
University. The members of the committee include:

Charies Clark, Chairman

John Beach

LeRoy Botten

Don Engelkemier

Dwain Ford

Wilfred Futcher

Robert Kingman

Goraon Madgwick

Lawrence McNitt

Joseph Smoot
A copy of the letter of appointment is included as Appendix B.
2,2 INITIAL SCOPE OF THE STUDY

The letter of appointment (Appendix B) charged the committee with
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four major tasks:

o Determine the requirements, versus the desires and
ideas, oflthe academic departments for both inter-
Active remote terminals and batch processing for in-
struction and research by faculty and students.

® Project the work load requirements for both batch and
terminal processing for the next five years.

e Evaluate the five alternatives discussed in Charles
Clark's letter of July 24, 1972, for providing inter-
active terminal facilities. Charles Clark's letter
is an enclosure to the letter of appointment (Appen-
dix B). Special attention should be given to the
possibility of expanding the IBM 360/22.

e Evaluate the advisability of a "Third Party Lease" in

lieu of a vendor lease or purchase.

2.3 EXPANDED SCOPE OF THE STUDY

Although the initial intent of the study was to evaluate academic

needs, the committee determined that there are several necessary ad-

juncts to the assigned tasks:
e Determine business and administ;ative processing re-
quirements for the next five years.
e Investigate software and hardware necessary to imple-

ment required business and academic processing.
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o Investigate recent changes in economics of computer
procurement, and probable future developments, in re-
lation to the needs of Andrews University.

o Investigate staffing requirements to support expanded
academic usage of the computing system.

o Make a thorough economic analysis of various methods of

.satisfying computing requirements at Andrews University.
These investigations ware included in the study.
2.4 MEIHODS USED IN CONDUCTING THE STUDY
2.4.1 Direct Faculty Contacts

It is the consensus of the committee that the proﬁer procedure for
defining hardwafe requirements is to first define the required applica-
tions, then determine software necessary to implement the applications,
and finally establish hardware requirements necessary to implement the
software. Meetings were held with the individual faculties of most
departments to obtain, directly, information on required and desired
applications. The committee evaluation of this informati;n is attached

as Appendix C. Certain system criteria were also established as a re-

sult of this information (see Section 2.5).



2.4.2 Publications

Data-Pro 70, Auerbach Computer Technology Reports, and various other

trade publications were used to verify and supplement information
furnished by vendors. Copies of reports for the recommended system

are attached as Appendix D.
2.4.3 Vendor Contacts

Based on software requirements determined by the study, vendors were

asked to propose a hardware system to implement the required software.
2.4.4 1Initial Rating of Proposals

Although 22 systems had been initially proposed, all but eight were
eliminated on the basis of obvious failure to meet established cri-
teria. The eight remaining systems were evaluated in detail. The

rating system and results are briefly described in Appendix E.
2.4.5 Consultation

The results of the initial rating of the proposals were discussed
with an outside consultant who concurred largely with those results.
The consultant has been available on a continuing basis throughout

the study.



2.4.6 Other Studies
The committee has had access to information derived from studies
by Philco-Ford, Hope College, and Grand Valley College. These in-

dependent studies generally validated the findings of the committee.
2.4.7 Reference Accounts

Liberal use has been made of information provided by reference
accounts furnished by vendors as well as information furnished by
users located by other means. Unbiased observations by users have
been valuable in both discounting and verifying various vendor claims
for system performance.l Reference accounts have been especially use-

" ful in estimating staffing requirements.
2.4.8 Fconomic Stability Analysis

A. Klein, of the Business and Administration Department, made a study
of the corporate stability of several vendors of interest. The re-

sults of his study are attached as Appendix F.
2.4.9 Benchmark Study

A request for benchmark study was submitted to each cf eight vendors
as means of further validating and supplementing the evaluation described
in Section 2.4.4. A copy of the request for benchmark study is attached

as Appendix G, and results are summarized in Section 4.
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2.4.10 Communications Study

In order to make a meaningful recommendation for a computing system,
it is necessary to consider the basic system hardware in relation to
communications fzauirements. The communications study includes con-
sideration of number, type, and placement of remote terminals and
remote job entry devices on campus or at distant locations; consider-
ation of CPU to CPU communications (ie., networks); and consideration
of methods and costs for data transmission to remote sites. Results

are summarized in Section 5.
2.4.11 Dempnstration

Prior to entering contract negotiations a trip to an installation |
similar to that recommended for Andrews Universit& was made. Such a
trip permitted representatives of Andrews University to talk to
their counterparts at the visited installation to obtain evaluatiéns

of the system from their own particular viewpoints.
2.4,12 Contract Studies

Prior to entering contract negotiations it is imﬁortant to review
standard vendor contracts for the proposed system and study non-
standard riders which should be.requested during negotiations.
Copies of the standard contracts for the recommended system, and
Andrews University legal counsel opinion on those contracts, are

2-6



attached as Appendix H. As a part of contract negotiations, a thorough

review of the proposed configuration must be made.

2.5 CRITERIA AND SPECIFICATIONS

In order to meet the academic and business computing needs of Andrews

University as identified by the Study Committee, a satisfactory system

must meet at least the following criteria:

Total monthly cost for system and maintenance must not
exceed a nominal value of $10,000.

The system must support concurrent timesharing and batch
processing.

The system must support demonstrable ANSI COBOL, BASIC,
ANSI FORTRAN, and load-and-go FORTRAN compilers.

fhe system must Support an adequate simulation and model-
ing language, and an adequate string manipulation language.
The system must support adequate statistical and scientific
subroutine packages.

The system must support an adequate text editor and data
base ﬁanagement system.

The system must be available for delivery prior to June

15, 1973.

The system must support spooling and batéh multiprograming.
In a dedicated bagch mode, user core area must be at

least 100 K bytes (the minimum necessary to execute many
standard statistical packages).
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e The timeshéring capability must include excellent file
security features.

o The system must support nine track tapes.

i

e The proposed system must be capable of expansion to at
least 256 K bytes main memory, 200 M bytes disk storage,
and 40 communications ports.

e The vendor must be able to provide excellent maintenance
support.

e The system must support existing applications.

e The internal code must be consistent with current in-
ternal code standards (ie., 8 bit internal code).

e The system must include an adequate swapping device.

o The vendor must present an acceptable conversion plan.
2.6 DOCUMENTATION AND COMPLETENESS

Although major recommendations and conclusions of this report are sup-
ported by documentation in the form of “appendices, that documentation
is not exhaustive. 1In attempting to keep the revort concise mucﬁ of
the available documentation has been omitted.

Similarly, recommendations and conclusions are often presented without
exhaustive justification.

Every effort has been made to avoid "loose-ends.' even though that may

not always be obvious from this report. The Selection Committee is fully
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prepared to offer more cbmplete documentation and discussion as required.

2-9 |
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typewriter-like terminals) permits each user to feel as if he is using
a dedicated machine. The convérsational nature of timesharing systems
allows even inexperienced non-technical persons to brite simple programs
with a minimum of exposure to the system. In many cases existing pro-
grams may be stored.by the inétructor and used immediately by students.
!
Timesharing also offers major advantages to business and administrative
users. For example, use of timesharing for student.and financial re~
cords, inventory control, and other systems, permits reductions in ex-
pense for data preparation and major improvements in accessibility of
information.
A !
For student and faculty research in the physical sciences, the behav-
ioral sciences, education, and other disciplines, requirements also
exist for large scale batch précessing. At present, Andrews University
. .
is purchasing such services from Notre Dame and Whirlpool Corporation.
Unfortunately, obtaining such outside services involves long delays and
considerable expense. An increased batch processing capability is also
required if certain proposed administrative work (NCHEMS model; trust
accounting) is to ge done.
!
Computing should be viewed not only as a tool to gelieve_drudgery buf as
a new learning resource--one capable of improving both the scope and

(L

quality of education.

(1) See Appendix A for more detailed comments on uses of the computer in
higher education.
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Section 3

INITIAL RATING OF PROPOSALS

3.1 SYSTEMS RATED

Eight systems were chosen for detailed evaluation, and each major
vendor of computing machinery is represented except for Control
Data Corporation (CDC elected not to submit a proposal). In order
to make meaningful comparisons between systems, the systems rated
were configured as nearly alike as gossible. The systems rated are
listed below. (The numbers listed represent the number of charac-
ters of main storage and disk storage respectively):

e Burroughs B5500 (256K, 48M)

e Digital Equipment Corporation DECL040 (320K, 100M)

e Hewlett-Packard HP3000 (131K, 94M)

e Honeywell Information Systems 430 (131K, 92M)

e International Business Machines 370/125 (131K, 200M)

° Nafional Cash Register Century 200 (128K, 90M)

e Univac 70/46 (262K, 118M) i

o Xerox Data Systems Sigma 6 (192K, 100M)

3.2 RATING METHOD



3.2.1 Summary

Detailed informaticn provided by vendors was categorized and evaluated
in detail by the committee. Each area was evaluated on a scale of
zero (unsatisfactory) to seven (outstanding) and that score multiplied
by a weighting factor to arrive at point scores. Point scores were
grouped into five major categories--the major categories were then
weighted such that theivr contribution to a total point score is as
follows:

e Hardware Capabilities (20%)

e Growth Potential (157%)

e Operating System (20%)

e Languages (20%)

® Conversion, Maintenance and Software Support (25%)

A summary of scores in the major areas and total score, by system, is

given in Appendix E. The maximum possible score is 700.
3.2,2 Comments Rdgarding the Rating System

The major strength of the rating system is that it permits the many
characteristics of complex systems to be broken iﬁto small groups
which can be realistically evaluated. The major weaknesses of the
rating system were that evaluatiéns were largely based on unverified
sales presentations and that evaluations of quality of applications

software could not be included in the rating.
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It is worth noting that felying on sales presentations at this point
in the study does itself offer one advantage--it is unlikely that the
"best choice" will be overlooked. It is the functior of benchmark
programs, reference accounts, demonstrations, and acceptance test.
standards to ensure that a system is chosen on the basis of demonstra-

ble characteristics rather than just a well made sales presentation.
3.2.3 Results of Initial Rating

Based on the rating system described, the systems were ranked as fol-
lows (the numbers listed are total weighted point scores):
e Digital Equipment Corporatioﬁ DEC1040 (500)
e Hewlett-Packard H-P3000 (483)
o Xerox Data Systems Sigma 6 (471)
e Burroughs B5500 (442)
e Univac 70/46 (441) | | :
e International Business Machines 370/125 (426)
e Honeywell Information Systems 430 (363)

e National Cash Register Century 200 (325)

The above ranking does not include consideration of system cost. Since
Appendix E was prepared; several vendors have resubmitted proposals
with substantial price reductions or significant performance enhance-

ments.

3-3
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3.2.4 Proposals Eliminated Prior to Benchmark Study

Due to results of the initial rating of proposals and continuing re-
ference account calls, it was found that several proposals did not meet
required criteria. Those systéms are as follows:
e HP3000: adequate COBOL not demonstrable.
e B5500: can only support 7 track magnetic tapes; six
bit machine; conchrent processing is questionable;
COBOL gf questionable adequacy.
e IBM 370/125: system not available until fourth quarter
1973 or first quarter 1974; operating system proposed
will not be released until June 1973; timesharing capa-
bility of this system is very limited in versatility
and number of simultaneous users; proposed system has
maximum poséiBle main m;mory; load-and-go FORTRAN not
available for the proposea system.,
e HIS 430: concurrent processing is very questionable;
six bit internal code,
e NCR 200: although a very fine machine for many com-
mercial applications, the NCR 200 lacks the versatility
required to serve needs of Andrews University; concur-

rent processing is questionable.
3.2.5 Standing of Proposals Prior to Benchmark Study

Although the study committee would estimate an uncertainty of perhaps
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30 points in the total poiﬁt scores, there does appear to be a fair-
ly well defined ranking of proposed systems as a result of the initial
rating of proposals:

e DEC 1040 (500)

® XDS Sigma 6 (471)

® Univac 70/46 (441)

It should be stressed that the rating was based on a smaller Sigma 6
configuration, and a different operating system, than was finally pur-
chased. If the rating were to be repeated the Sigma 6 system, with CP-V

operating system, would clearly have the highest score.
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Section 4

BENCHMARK STUDY

4.1 INTRODUCTION

A benchmark study begins with submission of a series of selected programs
to vendors to be compiled and executed on proposed systems. In a strict-
ly commercial environment, analysis of the benchmark study usually em-
phasizes measures of throughput. However, in a university environment
system versatility and user convenience are more important than raw
throughput. Certainly commercial applications are important at Andrews
University, for that reason much of the benchmark study is dedicated to
assessing proposed system capabilities in the administrative and business

processing areas. A copy of the Request For Benchmark is enclosed as

Appendix G.

Conducting a benchmark study is very expensive for a vendor. Vendors
whose proposals had been tentatively eliminated during the initial rating
were so notified in order to aid them in deciding whether or not to re-
spond. In fairness, and to allow a vendor who felt our initial rating did
not reflect the actual capabilities of the system rated, all vendors were

given a copy of the Request For Benchmark. The letters of transmittal

stated that those systems not previously eliminated must be benchmarked
to remain in the competition and that, for those proposals tentatively
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eliminated, we would reevaluate our decision should the benchmark indicate

the prior analysis was in error.

4.2 RESPONSES

Only two vendors responded to the benchmark request in a timely and
rezsonably complete manner: Univac and Xerox. Digital Equipment Cor-
poration responded to only part of the BASIC and FORTRAN tests (and that
response was a week late). No other responses were received. The Xerox

and Univac benchmark reports are attached as part of Appendix G.

4.3 BENCHMARK CONFIGURATIONS

Univac used the system proposed for installation at Andrews University to

run the benchmark. Xerox used an exactly equivalent system except for the

following:

Item Test- System Proposed System
Card Reader 7140 (1500 CPM) 7122 (400 CPM)
Card Punch . 7160 (300 CPM) 7165 (100 CPM)
Line Printer 7445 (1000 LPM) 7441 (1100 LPM)

Althoueh the card reader and card punch used were more capable, the test
programs were not sensitive to card input~output operations. The line
printer used has been superseded by the model proposed (the proposed mod-
el is faster and should produce printed copy of higher quality). The re-
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sults obtained from the Univac and Xerox benchmark tests can be ex-

pected to compare very closely to the systems proposed.
4.4 CONVERSION TEST

Conversion of benchmark programs was done by Univac and Xerox. Although
programs were derived from a variety of sources, neither vendor had ap-
parent difficulty in compiling and executing test programs with a min-

imum of effort.
4.5 DEDICATED MACHINE PERFORMANCE TESTS

This series of tests was designed to measure throughput capabilities of
the proposed systems for COBOL, FORTRAN, and BASIC programs. Since the
- Request for Benchmark (Appendix G) explicitly defines the tests, only a

summary of results will be provided here.

Since certain times provided by Univac were specified with limited ac-

i

curacy, only execution times will be compared for this part of the anal-

ysis.
4.5.1 Timesharing Mode

Comparisons with IBM 360/22 cannot be made since timesharing is not pos-

sible on the 360/22.
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" Execution Time (seconds)

Univac Xerox
Program 70/46 Sigma 6
B8 183.7 40.5
Fl 81.0 14.5
cl .59.3 108.5

4,5,2 Batch Mode

No batch BASIC capability exists for the Univac and IBM 360/22 systems.

Execution Time (seconds)

‘ Univac . Xerox
Program , _70/46 . Sigma 6
B8 ——— 38.0
CF1 8l.6 14.5
cl 60.0 108.5

4.5.3 Conclusions

Note that little difference exists between timings for execution of batch
and timesharing work. Although the Univac data, as specified is too im-
precise to justify detailed comparisons, the Xerox system does appear to

have much shorter compile times in general.
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BASIC program B8 was designed to test looping and calculational speed.
The Xerox B8 executes in only 22% of the time required to execute Univac

B8 (about 4.5 times faster).

FORTRAN program Fl was designed to test looping and calculational speed.
The Xerox Fl executes in about 18% of the time required to execute Univac

Fl1 (about 5.6 times faster).

COBOL program Cl was designed to test file manipulation speed. The Univac
Cl executes in about 55% of the time required to execute Xerox Cl (about

1.8 times faster). (But see also Sections 4.8.2 and 4.8.3!)
4.6 LANGUAGE TESTS

'~ The language tests were devised to examine various features of proposed

compilers. Some throughput data was also developed by these programs.
4.6.1 BASIC Tests

These tests were done in the timesharing mode. Programs Bl through B7
test many compiler features (for details see Appendix G). Both systems

were adequate in performance of all tests.

’ : {
Actual elapsed time for running these programs is probably more a con-
sequence of the users typing ability than system performance; for that
reason timing comparisons are not made.
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4.6.2 FORTRAN Tests

These tests were done in the batch mode and timing comparisons are sig-
nificant. Programs F2, F4, and F5 were satisfactorily executed by both
Univac and Xerox. F3, which calculates Fourier coefficients using Rom-
berg integration was not run to completion by Univac. F6, a severe test
of the statistical processing capability of a system, was not run at all
by Univac. (L. Botten was informed verbally that there had been insﬁf-

ficient time to run F6.)
Timing for these programs is then:

Execution Time (seconds)

Univac Xerox
Program ‘ . _70/46 ‘ Sigma 6
F2 27.2 36.0
F3 —_— : 7.8
F4 30.7 - 6.6
F5 29.3 7.8
F6 | -—- 117.0

4,6.3 COBOL Tests

These tests were done in the batch mode and timing comparisons are sig-

nificant. All COBOL programs were satisfactorily executed by both Univac
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and Xerox. Programs used are actual production programs used at Andrews

University.

Timing for these programs is as follows:

Execution Time (seconds)

Univac Xerox

Program 70746 Siema 6
C2 . 49,3 : 23.4
C3 ) 39.6 12.0
C4 15.4 3.0
C5 7.9 7.2

4.6.4 Conclusions
Both Univac and Xerox BASTC should be entirely satrisfactory.

Program F2 had been orieinally designed to run on the Stanford University
IBM 360/67 (a machine considerably larger and more.exoensive than has been
under consideration for Andrews University). The onlv conversion required
for Xerox F2 was to replace control cards. Even more suprising, F2 ran
about half as fast on the Xerox Sigma.6 as on the IBM 360/67. 1In order

to relate Xerox Siema 6 performance to the currently installed IBM

360/22 the following facts may be noted. The Xerox F2 was compiled and

executed in 45 seconds. Since F2 cannot be run on the IBM 360/22 as sub-

4-7




mitted to vendors, a simplified version was prepared. Although the
simplified version omitted certain calculations and omitted five of the
seven data sets run by Xerox, the program required 69 seconds to execute
on the IBM 360/22. Ignoring any effects of simplified calculations

but assuming each data set would require 34.5 seconds to execute, the
Xerox Sigma 6 time of 45 seconds may be compared (very conservatively!)
to an IBM 360/22 time of 241 seconds (about 27 times faster). Xerox F2
(the full version) used 132K bytes of memory {about six times the total

user space available with the IBM 360/22).

Program Univac F3 was, unfortunately, manually aborted before completion.
Inspection of output indicates that the program was 80%.complete in the
12 minutes it was allowed to run. Extrapolating, the program could be
assumed to run a total of about 14 to 15 minutes. This compares with

approximately one minute required by Xerox F3.

Results of running F4 should be viewed with some caution since it appears

as 1f some data may have been omitted in running Xerox F4&.

it is interestiné to note that F6 was submitted as a production job in
mid-August 1972, Repeated attempts have been made to rum this job

using IBM Scientific Subroutines and a locally préduced package designed
to run on the Univac 1108. No run 'had been completed satisfactorily un-
til Xerox F6 was run. For comparison purposes the following summary is

made:
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System . Time Results

Notre Dame IBM 370/155 20 minutes " Incomplete
Whirlpool IBM 370/165 20 minutes Incomplete
Whirlpool Univac 1108 12 minutes Invalid
Xerox Sigma 6 2 minutes Excellent

It should further be noted that standard software packages were used for
the IBM 370 and Xerox Sigma 6 runs. As of this report date, the only
satisfactory execution was made on the Xerox Sigma 6 (and that on the very

first try!l).
Xerox FORTRAN seems to be clearly superior to Univac FORTRAN.

Apparently coding changes Qere not required for either Uni&ac or Xerox
COBOL execution. Xerox file definitions differ from presently implemented
COBOL,.while Univac CdBOL is virtually identical. The Xerox COBOL permits
the programmer to use default options for file definitions, thus saving
coding in some cases. Xerox COBOL does not permit updating sequential
disk files, although subroutines are available to do so (several programs

in the present systems do this sort of operation).
Both Univac and Xerox performed the COBOL tests in a satisfactory manner.
4.7 MULTIPROGRAMMING AND CONCURRENT PROCESSING TESTS

It was not expected that any vendor would be able to complete all provisions
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of this test. Both Univac and Xerox completed the minimum required
portions of the test in order for valid conclusions to be reached. A
series of FORTRAN programs was to be compiled and executed in one job
stream and a series of COBOL programs was to be executed in another job
stream. The times necessary to complete a full run for each job stream
is defined as FORTRAN sequence time (FST) and COBOL sequence time (CST)
respectively. The sequences were to be run with no timesharing users to
clearly demonstrate at least a minimal multiprogramming capability. The
sequences were then to be run with five specified timesharing tasks to
demonstrate at least a minimal concurrent processing capability. It was
hoped that larger numbers of prescribed timesharing tasks could then be
added in order to measure batch degradation as timesharing demands in-
crease. Neither vendor completed this part of the benchmark; however, the

required information was obtained from reference account calls.

4.7.1 Tiﬁing

Although Univac results are specified to only the nearest minute, the

i)
results are still of valid interest (Univac FST omitted F3):

Elapsed Time (minutes)

Univac Xerox
Test _70/46 Sigma 6
Multiprogramming without
concurrent:
CSsT 2.0 ————
FST 4.0 ———
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Univac Xerox

Test ‘ 70/46 Sigma 6

Multiprogramming and
concurrent (no T/S):

CST 3.0 ! 4.1
FST 5.0 (ommitted F3) 7.1

Multiprogramming and
concurrent (5 T/S): ‘

CST 5.5 b4

FST 7.0 (omitted F3) 8.5
4,7.2 Conclusions

The Univac FST omitted F3. Based on Section 4.6.4 it is clear that Univac
FST execution times must be increased by at least 12 minutes (very con-
servatively) and in fact that Univac FST with five timesharing users
should be expected to degrade more than the corresponding Univac CST.

|
The table of Section 4.7.1 can then be revised on a very conservative

basis as follows:

Univac Xerox
Test ' 70/46 Sigma 6
Multiprogramming and
concurrent (no T/S)
CST 3.0 4.1
FST (estimated) 17.0% 7.1
Multiprogramming and
concurrent (5 T/S):
CST 5.5 4.4
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ERIC

Aruitoxt provided by Eic:

Univac Xerox

Test ‘ 70/46 Sigma 6
FST (estimated) 19,0+ 8.5

Univac ran each job stream in a multiprogramming mode to demonstrate
minimum processing times. By merely allowing the possibility of con-
current processing (even if no timesharing users are sigﬁed on), the
Univac operating system (VMOS) overhead increases CST and FST! Upon in-
vestigation, it was found that the Xerox operating system (UTS) automat-—
ically senses the absence of timesharing users and optimizes batch job
performance; hence, the multiprogramming without concurrent processing

option does not apply to Xerox.

With no timesharing users the Univac system has greater COBOL throughput;
however, even five timesharing users reverses the situation. Xerox
FORTRAN appears to execute considerably faster than Univac FORTRAN.

These facts agree with information obtained by other means. The Univac
70/46 proposed is a maximum configuration. Reference account information
indicates that for 10 to 12 concurrent timesharing users response time is

several seconds, and for 32 concurrent users response time is several

minutes with a batch job stream throughput slowing by a factor of apn-

proximatelv three. With 40 concurrent timesharing users of Xerox Siema

6 the response time should still be only several seconds and batch job
streams should show little degradation. Furthermore, the Xerox system
can be considerably enhanced, as reauired, without changing CPU and with-
out requiring any software conversion. For example, a system similar to

to that proposed for Andrews University excent for addition of main memory
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and a larger swapping device has been demonstrated to subport 69 con-

current timesharing users with less than 0.5 second response time!

The Univac 70/46 performance is clearly less than adequate in this

area.
4.8 CONCLUSIONS

4.8.1 Conversion

Programs from several sources were easily converted for use on Univac
and Xerox svstems. This indicates the large existing base of programs

existing for use on IBM, and other, equipment will be largely useful on

either system.

4,8.2 Dedicated Machine Performance Tests

Specific differences in execution speeds for various programs are sum-
marized in Section 4.5. By combining execution times for all programs

executed by both systems, some measure of mean execution rates mav be

derived:
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Total Fxecution Time (seconds)

Univac Xerox

70/46 Sigma 6
BASIC (B8) 183.7 | 40.5
FORTRAN (F1, F2, F5) 137.5 58.3
CoBOL (C1, C2, C3, C4, C5) 171.5 154.1
To*al 492.7 253.9

For the above mix, not necessarily representative of the computing mix at
Andrews University, the Xerox Sigma 6 executes all P, 'Jé in 517 of

the time required for Univac 70/46 execution (about 1.9 times faster).
Although execution times for Cl by Univac (60.0 seconds) and by Xerox
(108.5 seconds) as discussed in Section 4.5.2 might leave the impression
that Univac COBOL executes almost twice as fast as Xerox COBOL, that con-
clusion is not suppor?ed by the total execution time for COBOL programs
representative of production programs at Andrews University. Programs
C2, C3, C4, and C5 were chosen from among existing production programs.
In the aggregate, the Sigma 6 executed those programs in 45.6 seconds

versus Univac 70/46 execution in 112.2 seconds (2.5 times faster).
4.8.3 Language Tests
Both systems performed the BASIC tests adequately. The Xerox Sigma 6

system performed the FORTRAN test in an outstanding manner. Both systems
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performed the COBOL tests in a satisfactory manner.
4.8.4 Multiprogramming and Concurrent Processing Tests

Both systems demonstrated a capability for concurrent processing and
multiprogramming. Although neither Univac nor Xerox completed tests

with more than five concurrent timesharing users, some extrapolation may
be made from data provided. Since system throughput degradation is non-
linear (more nearly exponential) as more timesharing users are added, a
linear extrapolation biases results in favor of the vendor. The linear
extrapolation is risky; however, since results agree qualitatively with
conclusions formed on the basis of reference account calls, such pro-
jection will be made. The Selection Committee submits the projections,
as plotted on Figure 1 (page 4-17), as an aid to visualization of results

rather than as an analytical tool.

Based on the estimated for Univac FST the following extrapolations may be

made:
For:
X = number of timesharing users
FST = FORTRAN sequence time (see Section 4.7)
CST = COBOL sequence time (see Section 4.7)
Then:

Univac FST(X) = 0.40X + 17.0
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Xerox FST(X) = 0.28X + 7.1

Univac CST(X)

0.50X + 3.0

Xerox CST(X) 0.06X + 4.1

, These extrapolations are plotted in Figure 1 (page 4-17).

By inspection of Figure 1 it is clear that for no timesharing users the
Univac COBOL had the edge. But for three or more timesharing users the
Xerox COBOL performance is dramatically better. The Xerox FORTRAN can
be expected to be dramatically better, regardless of the number of
timesharing users. The above analysis, and information from reference
accounts (describéd in Section 4.7.2), both indicate that the Xerox
Sigma 6 becomes more advantageous the greater the number of concurrent
timesharing users. In view of the findings of Section 5, it appears
very likely that capabilities of the proposed Univac 70/46 would be
exceeded within the first year or two of operation. It should be noted
that the proposed Univac 70/46 has the maximum allowed main memory. For

these reasons the.Univac 70/46 is found to be less than satisfactory.
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Section 5

TERMINALS AND COMMUNICATIONS
5.1 INTRODUCTION

The market for computer terminals is highly competitive at this time.
Developing technology continues to modify the types and cost of available
terminalsf Although the recommended systeﬁ may interface with many types
of remote devices, it is necessary to ensure that terminals and other
communications devices are fully compatible with the system. For these
reasons, the detaiied study of terminal procurement has been deferred un-
til after the system decision is made. A further recommendation, based

on the rapid changes in the terminal market, 1s to lease, rather than pur-

chase, terminals with advanced capabilities.

It is also recommended that procurement of terminals be made as the ter-
minuls are needed and can be individually justified. Such a delay will
prove to be an advantage to Andrews University in the existing competitive

market.
5.2 TERMINALS
The selection committee has completed an initial review of terminal re-

quirements. The expected growth in terminal requirements is shown in Ap-
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pendix J. The following minimum initial terminal installation is re-

commended fto support timesharing services:

Location Quantity Type
Mathematics Department 2 APL
Physics Department 1 ASCI
Physics Department 1 APL
Chemistry Department 1 TTY
Biology Department 1 TTY
Science Complex (General use) 1 CRT
Science Complex (General use) 1 "2741"
Science Complex (General use) 1 TTY
Business Administration Department 1 TTY
Education Department 1 TTY
Home Economics/Nursing Department 1 ' TTY
Physical Education Department 1 TTY
Computing Center (Programming) 2 ASCI
Computing Center (General use) 1 CRT
Computing Center (General use) 1 "2741"
Computing Center (General use) 1 TTY
Replacement for MCST's 2 - M2741"
Security Office 1 | TTY

Key: APL - APL keyboard; probably Teletype Model 38
ASCI - ASCISCOPE video terminal
CRT - video terminal with printer and cassette unit
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TTY - Teletype Model 33

"2741" - "Selectric" type terminal for use with EDIT software
and APL

The committee recommends that, in addition to the above terminals, the

following equipment also be procured for the initial installation:

Quantity Description
1 ’ Portable printing terminal
1 Digital plotter
1 Optical page reader

It is recommended that the present study be extended to ensure optimum pro-

curement of the above'equipment.
5.3 COMMUNICATIONS

The reqommended system may be easily expanded to permit computer-to-
computer communications (bisynchronous communications; HASP handler) and
servicing of polléd networks. Although the cost of such expansion is
nominal (undiscountea purchase $9,600; maintenance $45 per month), the
Seélection Committee recommends such expansion be deferred until the need

is clearly justified.




Section 6

FINANCIAL CONSIDERATIONS
6.1 OUTRIGHT PURCHASE

Although this method appears to be the least expensive, the cost of cap-
ital may be ignored only if Andrews University should have a large avail-
able cash surplus. Furthermore, purchasing with borrowed money and re-
paying with inflated dollars may have substantial benefits. In any case,
it does not appear feasible for Andrews University to make the capital in-
vestment necessary to obtain a satisfactory computing system. Section

6.5 contains estimates of costs of borrowing the necessary money (thus
affecting available credit) and taking direct ownership of tﬁe recommended

equipment.
6.2 THIRD PARTY LEASEBACK

This method of financing consists of purchasing the equipment (in order to
take advantage of all educational discounts), reselling the equipment to a
third party (who supplies the capital), and leasing the equipment from the
third party. The third party anticipates profits from two sources: from
tax reli~f not available to a non-profit educational institution; and from

interest payments, and péssibly, retention of residual value.



6.2.1 Advantages of Leaseback Over Outright Purchase

The major purpose of leasing is to obtain the use of capital equipment
without having to make capital expenditurés. Lease payments can pro-
vide a cash flow superior to that of purchase over the early years of
the equipment's life. Leasing is an effective hedge against inflation;
however, to be fair, depreciation deductions can suffer a negative ef-

fect from inflation.
A
\

6.2.2 Advantages of Leaseback Over Traditional Financing

Leasing may actually give a cheaper rate. This 1s particularly true
when lessee cannot take advantage of tax beqefits such as depreciation
and investment tax credit--the lessor can purchase the equipment, claim
the tax benefits, and pass the savings on. L&asing spares the use of
existing lines of credit and allows full use of borrowing capacity.
Most leases provide 1007% financing~-not even a deposit or down payment
dips into capital. Often even acquisition cosés (delivery cost, etc.)

can be spread over the lease payments.
6.3 VENDOR LEASE

The vendor lease offers many of the advantages of third-party lease
methods; although, almost invariably, at higher costs. The major ad-
vantages of vendor lease agreements are the capability to easily ar-
range for upgrade without having to dispose of existing equipment,
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and the capability to eésily arrange for replacement of particular
pleces of equipment which may be only marginally serviceable. The
last advantage may be particularly important in case of mechanical

equipment subject to rapid wear (eg., card punches, printer, or card

readers).
6.4 INSTALLMENT PURCHASE

Xerox Data Systems offers an installment purchase plan at 67 simple
interest on the unpaid balance with no down payment required. The
buyer, of course, retains the residual value of the macﬁine. These
liberal terms are predicated'on the fact that XDS is not subject to
having the machines returned on short notice; hence, the buyer does
lose some flexibility. (It appears to be possible to negotiate certain

upgrade provisions.) .
6.5 OPTIONS

In order to obtain the most powerful computing system at minimum
monthly cost, it is recommended that the XDS installment purchase

plan be used.

It would be prudent, however, to consider lease of card reader, card
punch, and printer for various reasons. As pointed out previously
these pieces of equipment are subject to mechanical wear. These de-
vices, as potential sources of reliability problems, are also the sub-
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jects of continuing research. There is reason to believe that in the
not distant future certain technological breakthroughs will be announced.
If these devices are leased it will be an easy matter to replace these

units.

6.6 COST ANALYSIS OF OPTIONAL METHODS OF FINANCING

In the following paragraphs the net cost of procurement, exclusive of
maintenance, is analyzed for outright purchasé, third party lease back,
vendor lease, installment purchase, and the recommended mixture of
vendor lease and installment purchase. (The cost of straight third par-
ty lease is not considered. A leasing company cannot take advantage of
sizable educational discounts; therefore, the straight lease plan in-
volves a much higher cost to Andrews University than the third party

leaseback plan analyzed.)

In order to simplify analysis the maintenance cost is considered to be
constant. Since maintenanq? is not paid on equipment leased from a
vendor, the actual lease rafe has been reduced by the amount of main-
tenance on the vendor leased equipment, thus yielding a net procure-

ment cost.
6.6.1 Outright Purchase
It is assumed that Andrews University could acquire money for the purchase

of the equipment from established lines of credit at 7% simple interest
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on the unpaid balance, and repay the loan over a seven year period.

Purchase Price $484,060
‘7% = 7 year factor .01509

$7,304.47/month
$87,653.58/year

Total + $613,575.08

6.6.2 Third Party Leaseback

The least expensive plan for third party leaseback was the one proposed

by Funding Systems Leasing Corporation. That plan is summarized below.

Purchase Price $484,060
10.5% = 7 year factor .01708
| $8,267.75/month
$99,212.94/year

Total $694,490.55

6.6.3 Vendor Lease

Since Xerox does not publish seven year lease rates, the six year lease

rate was used in the following analysis.
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Monthly - $15,205. 50
less maintenance 3,013.60
$12,191.90/month
$l46,302.80/yeér

TOTAL $1,024,119.60

6.6.4 Xerox Installment Purchase

The seven year educational installment purchase rate is equivalent to
a loan with no down payment and 6% simple interest on the unpaid balance.
The analysis reveals that this plan represents an additional, and sizable,

discount.

Purchase Price $484 4,060
6% - 7 year factor | .0146
$7,067.28/month

' $84,807.31/year

TOTAL $593,651.18

6.6.5 Recommended Mixture of Vendor Lease and Installment Purchase

The following summary is based on lease of the card reader, card
punch, and printer. The remaining components of the system are con-
sidered to be under an installment purchase agreement. The reasons

for this recommendation are given in Section 6.5.
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6.6.6. Mixture of Xerox Lease and Installment Purchase

First Year Costs

l \
Monthly Lease Cost( ) $1,836.00
less adjustment for maintenance 363.35
$1,472.65
' : (2)
Installment Payments 5,995.05
_Total $7,467:70/mo.
First Year Total $89,612.40

Annual Cost After First Year

Installment Purchase Price §73,440
less conversion creditseB) 8,812.8
net purchase price $64,627.80
6% - 6 year factor . .0166
J $1,072.81/month
6% - 7 year installment payment 5,995.05/month
$7,067.86/month
$84,814.32/year
Total Cost
First year : ‘$89,612;40
Years 2-7 508,885.92
Total seven year cost $598,498.32

(1) Based on leasing listed peripherals for first year
(2) Based on 6% - 7 year rate for rest of system
(3) Assuming all lease purchase options are exercised
1
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6.6.7 Summary and Conclusions

The first three lines of the table below summarize values derived in
previous sections (all values have been rounded to the nearest dollar).
The last three lines show Qifferential costs of each plan with respect
to the lowest cost financing plan: installment purchase of the entire
system. The two entries in the "Mixture" column (in parenthesis) repre-
sent first year costs only--after the first year the costs are almost

exactly those shown under the "I.P." column.

Pur- Lease- Vendor Inst.

chase back lease purch Mixture
Monthly cost 7,304 8,267 12,192 7,067 (7,468)
Annual cost 87,653 99,213 146,303 84,807 (89,612)
Total cost 613,575 694,491 1,024,119 593,651 598,498
Diff, monthly cost = 237 1,200 5,125  —==—=- 401
Diff. annval cost 2,846 14,406 61,496  —--— 4,805
Diff. total cost 19,924 100,840 430,468  —=-—- 4,847

By inspection of the above table one sees immediately that the least cost-
ly method of»purchase is the installment purchase. The recommended method
of acquiring the system costs an additional $4,847; however, Andrews Uni-
versity does receive the benefit of having a yeaf to evaluate the leased
mechanical equipment before commitment to purchase as well as the prob-

ability of benefiting from new developments.
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6.7 CONVERSION AND INSTALLATION PREPARATION
6.7.1 Conversion

It is recommended that the conversion problem be splved by a joint ef-
fort of the Computing Center staff and the Applications Services De-
partment of Xerox. The Xerox group would be responsible for clean com-

piie of all programs and complete conversion and testing of apuroximately

75% ol all existing vprograms (all of the critical programs).

The Computing Center staff would be responsible for furnishing test data
and resultant output to Xerox. (In most cases test data consists of cur-

rent files.)

The Xerox services would be performed under a fixed price contract. Total
proposed fee for the services has recently been reduced to $1,300. As
part of the contract negotiations, a complete and detailed conversion

plan would be jointly developed.
6.7.2 1Installation Prevaration
There are two major aspects of preparing for the installation of new
equipment. The first task is to prepare the physical facilities, the

second task is to procure required tapes, disk packs, storage racks, etc.

A preliminary review of power and ailr conditioning requirements, and. ma-
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chine room layout, indicates no major alteration of the physical plant
should be required. A competitive source of supply for tapes and

disk packs is being researched by the Computing Center staff. Tt apvears
as if some trade-in credit exists for owned items which are no lLonger re-
quired. Although careful preparations must be made for the installation
of a new system, it appears as if such preparation will be relatively

easy and inexpensive,
6.7.3 Staffing

A review of Computing Center staff requirements for conversion in con-
sultation with Xerox, is attached as Appendix I. Both full-time staff
pembers would be required in order to develop test data for all programs,
\

to review results of Xerox tests, to complete conversion and testing of
those programs assigned to Andrews University, to carry on with mainte-
nance of production programs, and to attend formal training in prepara-

tion for use of the new equipment.

The recommendation to add one member to the Computing Center staff is
discussed in Section 8. In reviewing the prerequisites for an orderly
and efficient conversion and installation it has become apparent that
the staff addition should be made as soon as possible so that the new
staff member may:

a, Be available for pre-installation training.

b. Participate in svstem generation (a valuable training

experience).
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c. Assist acédemic users in conversion problems.

d. Be available to assist in conversion of existing pro-
grams and systems as required.

e. Assist in preparation of a user's guide for the new sys-

tem.

In participating in these activities the new staff member would help as-~
sure a smooth conversion and installation, would be more adequately trained
to maintain the operating system upon svstem installation, and would help

promote immediate productive usage of the new system.
6.8 BUDGET CONSIDERATIONS

The proposed 1973-1974 computing center budget (Appendix K) was based on
the recommended Xerox Sigma 6 configuration purchased under the seven
year Xerox installment purchase plan ($10,081 per month including main-
tenance). Total equipment and amortization budget requested was
$137,616. Total budget request was $260,953. The recommendation to
lease rather than purchase the card reader, cgrd punch, and printer adds
a total of $4,805 to the first year system cost. Thus, if the Selection
Committee recommendation is accepted, the proposed 1973-1974 computing
center budget must be amended to $265,758. This represents an increase
of $49,982 (23.16%) over the 1972—1973‘budget. 0f this increase, $8,243
(3.82%) is due to increased staffing and $41,739 (19.34%) is due to in-

creased edquipment costs.
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The table below compares ‘costs of the presently installed IBM 360/22 to

various cost options for the recommended system:

Comparison Costs Recommended System
IBM Inst.

360/22 Purch. (Is+ yr) (later)
Monthly Comouter System Cost(1) $5,002(2)$10,081 $10,482  $10,081
Unit Record Equipment 1,286 1,286 1 286 1,286
Total Equipment Cost $6,288  $11,367 $11,768  $11,367
Qutside Services Cost (3) 2,200 Zero zero zero
Average Total Cost of Services $8,488 $11,367 $11,768  $11,367
MCST Cost Savings Zero -350 ~350 ~350
Net Average Cost of Services $8,488 '$ll,017 $11,418 $11,017

Note that no credit is taken for recovered costs except for the two mag-
netic card selectric typewriters (MCST's) which may be immediately replaced
bv the recommended system. The net increase in cost in going from the-
IBM 360/22 to the recommended system is nominally $2,500. It is exﬁected
that part of this increase may be recovered.by salgs of services to other

institutions.

(1) 1Including maintenance.

(2) 1Includes savings inherent in leasing disk drives from ITEL ($814
per month). and $500 per month amortization on owned printer.

(3) Estimated; based on typical month during Fall Quarter.
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Section 7

TERMS AND CONDITIONS
7.1 INTRODUCTION

Copies of standard Xerox leasing, installment purchase, and maintenance
contracts are included as Appendix H. In order to ensure adequate pro-
tection of the interests of Andrews University it is recommended that a
competent commercial attorney be retained to inspect the standard con-

tracts for potential sources of difficulty. It is also recommended that

the attorney inspect final contracts before execution.
7.2 NON-STANDARD CONTRACTURAL ARRANGEMENTS

Every attempt should be made in contract negotiations to obtain the
following non-standard protections:

e Stationing of a customer engineer and storage of
essential spares at Andrews University (even if we
must provide office and storage space).

e Specification of new style memory,

e Guarantee of upgrade and trade-in privilege for components
under installment purchase plan for at least the first
eighteen months after installation.

e Guarantee of provision for maintenance of all system
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components for the entire life of the installment pur-
chase contract with escalation protection.
Non-appropriation clause.

Provision for system and software acceptance tests.
Conversion and installation non-performance penalties.
Guarantee of adequate system analyst support for éntire
life of the installment purchase contract.

Guarantee of adequate documentation at fixed cost.
Guarantee of adequate training assistance at fixed cost.
Right to pay off balance without penalty.

Right to transfer equipment to any affiliate of General
Conference of Seventh-day Adventists without jeopard-
izing maintenance or systems analyst support.

Right to use independent memory or peripheral equipment
which does not require modification of Xerox equipment.
Contract termination clause allowing Andrews University
to terminate contract should Xerox bow out of the
computer business.

Bundling guarantee for entire life of the installment

purchase contract.
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Section 8

RECOMMENDATIONS

Computer buffs . . . have been likened to
small boys who, given a hammer, suddenly find
that everything needs pounding.

~—Readings in Psychology Today

8.1 INTRODUCTION

Although many members of the Selection Committee can be described as
computer buffs, a serious effort was made to be conservative in assessing
the computing needs of Andrews University (see Appendix‘C). Based on
these needs a set of minimum system criteria and specifications was

defined (see Section 2.5).

8.2 FINDINGS

In response to questions before the Selection Committee (see Sections
2.2 and 2.3), the following findings are submitted:
e Cost factors indicate that total university needs can
best be served by one computer system serving both
academic and administrative users.
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Academic and administrative computing requirements in-
clude support of versatile timesharing, support of con-
current timesharing and batch processing, support of

batch multiprogramming, support of input-output

spooling, and capability to process 100,000 character

batch programs.

The cost of an adequately configured IBM 370/135 is
prohibitively high regardless of financing method.

The cost of commercial timesharing services is signif-
icantly higher than similar services provided by an

on-site computer system.

The Selection Committee was asked to evaluate several plans
involving the expansion of the presently installed IBM
360/22." Even with the maximum possible system expansion

of the IBM 360/22, resultant systems fail to provide
adeqﬁate batch or timesharing capabilities.

Present Computing Center staffing is not adequate to meet
academic needs.

The Xerox Sigma 6 computer sfstem, as described in Appendix
L, best meets the needs of Andrews University on the basis
of demonstrable system hardware and software capability,
vendor software support, vendor maintenance support, vendor
conversion support, system growth options, financial arrange-

ments, and total cost.



8.3 RECOMMENDATIONS

The Selection Committee submits the following recommendations:

o Xerox should be designated as the vendor to supply com-
puting equipment and related services required by Andrews
University.

e Negotiations should be initiated with Xerox representa-
tives to finalize the following:

a., An installment purchase contract to purchase the
proposed Sigma 6 computer system (less printer and
unit record devices) for delivery prior to June
15, 1973. The anticipated cost (based on six per-
cent simple interest on the unpaid baiance) is
$5,995 per month.

b. A lease of the unit record and printer subsystems
(card reader, card punch, and printer). The antic-
ipated cost is $1,836 per month.

c. A maintenance contract for purchased equipment.
The anticipated cost is $2,650 per month.

d. A conversion services contract. Anticipated total
cost is $1,300.

e. Installation, conversion, and training schedules.

® In order to answer specific needs of Andrews University
certain non-standard contractural arrangements should be
negotiated with Xerox (see Section 7).

e Standard Xerox contracts for lease, installment purchase,
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and maintenance should be evaluated by a commercial law-
yer for potential sources o% difficulty. Final contracts
should be reviewed by a.commercial lawyer prior to ac-
ceptance.

& The contractural arrangements made with Xerox should
bear the name of General Conference Corporation of
Seventh-day Adventists rather than Andrews University
C&rporation. If this is not feasible, a non-standard
agreement should be made with Xerox to permit transfer
of the system to any other denominational affiliate ét
our discretion.

e A study of optimum methods of procuring terminals (as
outlined in Section 5), a plotter, and an optical page
reader.should be conducted as a supplement to the com-
puter selection study. This study should also isolate
requirements for disk packs, tapes, and storage facilities
and optimum methods for procurement.

e A study of required physical plant modifications should be
instituted as a supplement to the computer selection study.
At this time it appears as if no structural modifications
will be necessary.

e Steps should be taken promptly to hire a qualified academic
consultant.

e All Magnetic Card Selectric Typewriter systems on campus
should be replaced by 2741-like terminals as soon after
system installation .as practicable.
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8.4 XEROX SIGMA 6
8.4.1 Advantages

The Xerox Sigma 6, announced in May 1970, offers extremely versatile
overational capabilities and fast internal computational speed. IBM

360 compatibility was established as a design criterion, and Sigma 6
employs the same external and internal data condes and formats as IBM

360 systems. (Thus, the conversion of widely available IBM 360 software
can be easily accomplished.) Hardware and software support permits ef-
ficient and flexible data communications processing capabilities. Xerox
is responsive to servicing installed computers and offers a wide range
of academic and business applications software. A new line of printers
using the Xerographic process is under development, and such printers
could significantly increase print quality while decreasing cost. A
variety of high level lanpuages may be implemented on the Sigma 6 in
either batch or timesharing mode. The timesharing capability and data
base management capability of the system are especially noteworthy.

B.4.2 Disadvagtages

The only known sources of potential difficulty are possible maintenance
problems for certain peripherals (card reader, and card punch) and a min-

imal vpossibility that Xerox might leave the computer business.

The maintenance problem can almost certainly be overcome by requiring
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Xerox to provide a locally based maintenance man. As further insurance,
and to allow an opportunity to observe new developments in the printer
field, it is recommended that the card reader, card punch, and printer be
leased for the first year. The more capable card readers and card punches
offered by Xerox are known to be quite reliable. If maintenance problems
should prove to be insurmountable for the units initially installed, a
change could be made prior to making a purchase agreement. The Selection

Committee does not consider this to be a serious problem.

In May 1969, Xerox acquired Scientific Data Systems (SDS). SDS had had
considerable difficulty in meeting certain software delivery commitments.
Xerox completely reorganized the software development organization of

SDS and, in less than three years, hag developed a sophisticated data base
management system and a wide variety of other business oriented software

(the scientific users of SDS equipment had been well satisfied).(l)

On March 7, 1972, Xerox announted the formation of a new Information
Systems Group responsible for marketing, distributing, and servicing both
its copier and computer product lines. |

.
While Xerox's copier business has been consistently very profitable. the
company's computer business has yet to show a profit. The formation of

the Information Systems Group demonstrates Xerox's strong commitment to

\
(1) This paragraph, and the next three paragraphs in this section, were
extracted from the 1972 Auerbach Computer Technology Reports on the
Sigma Series. Auerbach is noted for thorough and unbiased evaluations.
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electronic data processing (EDP) and dispels rumors that Xerox might

follow RCA and bow out of the EDP industry.

The Wall Street Journal for January 18, 1973, contained significant
comments on expected improvements in the Xerox computer revenue position

(the entire article is included as Appendix M):

(Excerpt and Appendix M intentionally omitted.)

A detailed financial evaluation of the Xerox Corporation was made by A.
Klein. A copy of Mr. Klein's report is included as Appendix F, Based
on that study there is no expectation of difficulty in regard to Xerox.
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Corporate stability.

In considering the above information, the Selection Committee believes

the risk of Xerox leaving the computer business to be minimal.
8.4.3 Growth

Many types of remote terminals and communications devices may be inter-
faced to the Sigma 6. The system may be expanded to capabilities well
beyond what should be required by Andrews Universitv during the next
seven years. Such expansion requires installation of main memory and
disk storage units. The central processing unit need not be changed;

hence, no conversion or reprogramming would be required.

The recommended system is very capable. However, it is expected that as
timesharing and on-line administrativé applications increase, some system
expansion will be required. System enhancement may be accomplished with
considerable flexibility and at relatively small incremental cost. For
example, adding 64,000 bytes of main storaée (about three times the user
memory area ofbthe presently installed IB% 360/22--much of the 360/22
memory is used by the operating system) would cost $19,400. A similar ad-
dition of 25,000,000 bytes of disk storage (a little more than is pre-

sently'installed with the 360/22 would cost $14,280. For further details

of pricing for various growth options refer to Appendix L.

The Selection Committee submits that growth may be easily adjusted to the
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needs of Andrews University and should present little difficulty if en-
hancements are based on projected cost-benefits. It is recommended that
such trial projections be made annually. Only when enhancements are

clearly justified, should they be made.
8.5 STAFFING

The key to effective usage of computing equipment is adequate staffing.
To properly support inc?eased academic computing and to ensure adequate
operating systems maintenance, an additional qualified full-time staff

member is required. (Additional comments on staffing related to con-

version are contained in Section 6.7.3.)

It is recommended that, as annual trial cost-benefits projections are
made with regard to equipment, similar consideration be given to staf-
fing requirements. For example, where applications which could repre-
éent a net savings to Andrews University are delayed by lack of applica-
tions programming staff, it could well be a sound financial decision to
increase the programming staff. As for equipment, such changes should

be made only where clearly justified.
8.6 REVIEW STUDY

In addition to the annual studies described in Sections 8.4.3 and 8.5
it is recommended that a thorough review of computing needs and ade-

quacy of services be made in the summer of 1977 (or earlier if required).
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Such a study should ensure that Andrews Universitv computing capabil-

ities are neither deficient nor excessive.
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Appendix A

Excerpts From

"COMPUTERS IN HIGHER EDUCATION" (1)

1. INTRODUCTTON, FINDINGS, AND RECOMMENDATIONS

After growing wildly for years, the field of computing now appears to
be approaching its infancy. '

In the field of scholarship and education, there is hardly an area
that is not now using digital computing. Computing is a new resource in
learning. It enables the student or the scholar to deal with realistic
problems rather than oversimplified models. By lessening the time spent
in the drudgery of problem solving and in the analysis of data, it frees
time for thought and insight. Partly, it enables the student to do old
things more easily, but more important, it enables him to +do things he
otherwise could not. Computing increases the quality and $cope of education.

The widespread use of computing in scholarship as well as industry
and government has come about not just because of a general enthusiasm
for computers, but because this new tool has found vital and increasing
use in each field in which it has been applied.

If we are to exploit our opportunity fully, students in colleges and
universities must see for themselves what a powerful tool computing is,
and learn to use it. No matter what his specialty, the student must be
given the opportunity of using computers in learning and in docing, and the
faculty member must be able to use computers in teaching. Both the in-
dividual's opportunities and the progress, well-being, and stature of our
society can be increased by adequate computing facilities for our colleges
and universities.

The recommendations we make are expensive, but if they are not car-
ried out there will be a different kind of cost. Today, the best and
richest institutions are able to carry part of the burden of educational
computing. As time goes on, these institutions will improve the service
they give their undergraduates, while smaller and poorer institutions
will be trying to catch up. . . . If the deficit in educational computing
is’not made up quickly, millions of students who will have attended these
institutions in the 1970's will be poorly prepared for the world of the
1980's and 1990's.

The major findings and recommendations of the Panel are:

1. Approximately 35 percent of college undergraduates are enrolled
in curricula in which they could make valuable use of computers in a
substantial fraction of their courses. An additional 40 percent are in
curricula for which introductory computing training would be very useful,
and limited computer use would be part of several courses. The remaining
25 percent could make some use of computers in one or more courses during
their college education, but computer training is not now important in
their major studies.

2. One of the major problems in providing the necessary educational
computing is the cost,

' 3. We find that any expansion of the educational use of computing

(1) Pierce, John R., Chairman. "Computers in Higher Educationj; Report of the
President's Science Advisory Committee, U. S. Government Printing Office,

EI{I(? 1967.
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depends heavily on increased knowledge of computing by faculty in most
disciplines. Such knowledge usually can be provided by intensive 2-to-6
week periods of faculty education.

4, There is a great need for specialists trained in the computer
sciences at the bachelor's, master's, and doctorate level.

5. The cost of computing is a continuing expense, like light or
water, rather than a capital investment, like the initial cost of buildings.

6. The optimum mechanism for providing computers will differ from cam-
pus to campus. However, in many cases it appears economical and effective
to supply adequate and dependable service from large computing centers.,

7. Because of inconsistent Government and university accounting
practices, the great variety of sources of computing support, and the
experimental nature of computer use, some universities have had difficul-
ty in determining and controlling their computer costs. Informed de-
cisions regavding expansion and/or budgeting for current operations can-
not be made without accurate cost information. Errors made at this stage
can only lead to the diversion and dissipation of university resources
needed for other educational purposes.

8, Proper introduction of computing into secondary education is
desirable and growing.

IT. COMPUTERS AND UNDERGRADUATE EDUCATION

Computers were first introduced into universities as rare and special
pieces of equipment used for a few specialized sorts of research by small
groups of people. Today, many universities and colleges have centers
which serve most of the students, faculty, and administration both by
providing training in programming and by meeting computing needs for
undergraduate education, for research, and often for administration.

Where adequate computing facilities have been available, the faculty
has made increasing use of computing in both research and education,
and computing has become a part of more and more undergraduate courses,
including business subjects, social sciences, biological and health sciences,
psychology, geology and other disciplines, as well as qathematics, phys-

.ics, chemistry, and engineering. This is consistent with the rapidly

growing use of computing outside the schools in small as well as large
business enterprises, in government operations and national defense fa-
cilities, and in almost all technology--those many fields of endeavor
where most college graduates will find their places. Computing is not
an esoteric or specialized activity; it is a versatile tool useful in
any work with a factual or intellectual content. Computing is becoming
almost as much a part of our working life as doing arithmetic or driving
a car.

Computers find a widespread use in education only when well-run
facilities are easily available to all students and faculty members,
with rapid service for all users. Under these conditions there are a
number of instances (including, for example, Dartmouth and Texas A. & M.)
in which a majority of all undergraduates learn programming and use com-—
puting in some part of their coursc work. While computing has not yet
become an important part of undergraduate course work in such fields as
English, linguistics, languages, history, music, ‘and art, faculty mem-
bers in some of these fields are making increasing use of computers in
research, and computing is beginning to find its way into undergraduate
instruction. \
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In all fields where computing has been used, it has added a new
dimension to education, and has led the students to better comprehension
of complex problems and greater insight into the meaning of quantitative
expressions. In these areas undergraduates have learned, through prepar-
ation of and experimentation with computer programs, of the care required
to define a problem logically and fully, and the assumptions needed to
.obtain answers to complex problems. We predict that in the future al-
most all undergraduates will use computers profitably 'if adequate com-
puting facilities are available. There may be a few students in some fields
who will not use computers at all, but they will be a small minority.

Using a Computer is Easy

It is possible to make effective use of computers without programing
training. "Computer aided instruction" systems and some information re-
trieval system (Medlars, for instance) are examples of uses which do not
require appreciable programing knowledge. There are many other examples
for which the user need only supply data to existing programs.

However, acquiring some knowledge of programing is easy, and it great-
ly extends the scope of the educational use of computers. This is par-
ticularly true when special student-oriented programing languages are used.
Ten to thirty hours spent in learning programing enable a student to use
computers profitably in course work. This contrasts stikingly with the
time needed to acquire a useful knowledge of mathematics or of a foreign
language; it is more comparable to the time spent in learning to drive
a car. It is the universal experience of all those with whom we have
talked that students spontaneously made use of computers in solving pro-
blems or handling data even when this was not intended. A further evidence
that learning to program is easy is that in many places programing training
is extending down into secondary education.

The Nature of Educational Computer Use

The earliest educational use of computers provided instruction in
programing followed by student use in solving assigned course-work problems
adapted to computer colution.

Continued familiarity with the computer allows students to use it in
courses in which no such use is specifically required-—~reducing data ob-
tained in laboratory courses, or making statistical evaluations in socio-
logy courses, for instance. Familiarity of faculty as well as students with
computing leads to the assignment of computer-oriented special problems,
and even to undergraduate student research projects which could not be
carried out without computing. Such student work is valuable education
and highly desirable. .

It is of the utmost importance to keep in mind that computing should
not be thought of primarily as a new subject to be taught in addition to
all the other important material now in the curriculum. Teachers who
make use of computers in a wide variety of subjects have found that their
material can be taught more rapidly, more thoroughly, and more meaning-
fully with the aid of computers.

ERIC
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We Have Second Class Lducation for the Majority

Adequate computing is not available today in many fine small colleges.
Further, even in many larger colleges or universities which have reason-
ably powerful computers, the computers are not accessible to the majority
of undergraduates, wither through lack of an appreciation of the useful-
ness of computing on the part of the faculty, or lack of suitable instruc-
tion, or lack of suitable computer languages, or through the way in which
facilities are administered or financed. Yet these institutions train
undergraduates of excellent ability. Many of these graduates will go out
into the business world where they will need to understand and use com-
puters.

Many others of these undergraduates will go on to a wide variety of
graduate work unequipped with a simple but vital skill in problem solv-
ing and unaware of its power and versatility. The handicap of a lack of
understanding and skill in the use of computers is extremely severe in all
areas in which data analysis is vital, in learning as well as in practice-—-
in business, in the social sciences, in psychology, in geology, in the
health sciences, for example. 1In a very real sense, students who have
not learned to use computers are badly equipped for the postbaccalaureate
world.

We believe that undergraduate college education without adequate com-
puting is deficient education, just as undergraduate education with-
out adequate library facilities would be deficient education. At pre-
sent, deficiency in computing is widespread. We believe it to be vital
to the national interest as well as to the welfare of the individual
student to remedy this deficiency quickly.

: \
Whatr Is Adequate Service?

. . . Several things are essential even to the most modest user if
the aim is education rather than hard knocks:

Adequate instruction in and consultation concerning computing . . .

Adequate software . . .

Reliable operatioun . . .

A fast turn-azround time . . .

Interactive remote conscles . . .

Graphic output . , .

Visual displays . . .

New forms of input . . .

Who Should Use Computers?

\By sometine in the 1970's it is doubtful that more than a few per-
cent of the students will graduate without having made some use of com-
puters. A rough guess of the portion of the undergraduate enrollment
in each of these categories as of about 1972 is tabulated in Section A
and suggests that approximately 35 percent will make substantial use, 40
percent will make limited use, and 25 percent will make casual use.
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Problems of Paying for Computing Service

- « « « Our colleges and universities clearly have a central respon-
sibility to pioneer in and to adopt new educational techniques and meth-
ods. What is so special, then, about the use of computers in education?

The answer lies in the extremely rapid growth rates in computer-
related costs which are being experienced by many universities (and
should be experienced by more of them). Universities and colleges,
whether public or private, are all faced with rising costs and a pre-
carious balance between income and outgo; the public institutions are
overwhelmed by the tidal wave of student enrollment, whereas the private
institutions are struggling to provide improved student services and to
keep pace with the rising faculty salaries in an enterprise dependent upon
relatively fixed income sources.

Many of our institutions of higher learning have already respond-
ed to the significance of computers for all aspects of their programs
by establishing new departments of computer sciences. Such a step is
a major one for any university, involving new long-range commitments
to faculty tenure and to providing building space. Yet, in addition
to these very substantial financial loads, the universities also face
the very high cost of hardware and manpower to generate and use soft-
ware. And these total costs are mounting at incredible annual growth
rates—-figures as high as 45 percent per year are given in the Rosser
report——-which are an order of magnitude larger than the budgetary
growths universities are used to providing from their own funds, with
great ecffort, to academic divisions.

Estimation of Cost of Adequate Computing for Undergraduate Education

Universities get computing at bargain rates compared with industry.
« « . Reasonably skilled student help is available at as low as $1.25
an hour, and salaries for professional help appear to be lower than
in industry. Educational discounts have reduced machine costs. Certain-
ly, those who pay for campus computing get it at a bargain rate.

Problems of Providing Facilities

Large computing centers can provide high quality remote service
while using a batch--processing type of operation. . . . However, present
experience tends to show that immediate access to comput:r through inter-
active remote consoles will be practical and desirable, rather than a lux-
ury. It is a conclusion, rather than a recommendation, that a large part
of the necessary computing service will be provided by systems of this sort.

IT1T. THE COMPUTER SCIENCE STUDENT

. + . This work calls for access to and interaction with a good com-
puter center. Since many computer science departments also grant a mas-
ter's degree, it is difficult to separate the undergraduate use from use
at the master's level. Graduate work in computer science calls for sub-
stantial use of computer time in carrying our research on software and
toward new computer applications.
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The demand for people trained in computer sciences exceeds the sup-
ply.

Despite the importance of instruction in computer sciences, the total
amount of computing comnected with such instruction will certainly be small
compared with the total amount of undergraduate educational computing
which we have estimated earlier in this report because there are so many
fewer computer science students than there are college undergra@uates.
Thus, if the deficit in undergraduate computing is made up, as we propose,
an adequate amount of computing would be available for computer science
education. It is of course important that such use be recognized as a
part of the education use of computing.

We must not, however, overlook the quality of computer facilities
necessary for good education in computer sciences. . . . Though computer
science education and research need place only modest demands on a large
computing center, the quality of the center is of utmost importance.

IV. INTERACTION BETWEEN RESEARCH AND EDUCATIONAL USES OF COMPUTERS

It seems very desirable to favor large, up-to-date university cen-
ters which can serve a variety of needs, including research and administra-
tion as well as education. This is particularly desirable in that the
educational load may be more seasonal than the research load, so that a
system serving educational needs alone might be nearly idle in the sum-
mer. Though the funding of research and administrative computing costs
may well be different from the funding of educational costs, it is only
reasonable to ask that educational needs as well as research needs be
taken into account in establishing and operating large computing cen-
tersys

There is another way in which research computing may seriously af-
fect the educational use of computérs. We believe that unless computers
used in research are managed wisely and effectively, money which might
be used to advantage in education may be wasted.

We have observed that most colleges and universities have no ade-
quate provisipns in their budgets for educational computing.

« « . Unless adequate provisions are made for the support of re-
search computing, the very resources which are needed for educational com-
puting, and indeed, for the rest of education, may be drained away by un-
foreseen research needs. . . . It is particularly important that univer-
sities do not carelessly allow overruns in research computing to penalize
the education of their students.

V. THE COMPUTER AND SECONDARY EDUCATION

Training in the use of computing and in the nature of computers
and computing is rapidly but randomly invading secondary education. . We
have felt it impossible to approach the problem of computers and sec-
ondary education quantitatively both because of the sheer magnitude of the
problem and because of the lack of quantitative information. However,
through personal experience and the testimony of others we have formed
some preliminary opinions concerning the problems involved.

The advantages of introducing the use of computing into course work
and of teaching something about the nature of computers and computing
in secondary schools can be considerable, either as a preparation for
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college work, as a preparation for semiprofessional or vocational training,
or as a preparation for employment. Such training in secondary schools
will increase rather than decrease the amount of educational computing
required in colleges and universities.

There can, however, be real disadvantages to an unwise introduction
of computer training in high schools. Detailed and narrow training in
commercial programing languages and the operation of commercial computers
has apparently led some able young people to accept dead end jobs in a
market hungry for people with computer know-how, when they might better
have gone on to college and fitted themselves for more productive and
rewarding places in our economy.

Vocational training in computers and computing has a legitimate place
in terminal secondary education, but this may not be the chief contribu-
tion which computing has to make to secondary education. Secondary-school
students should be taught what computers and computing are. In addition,
it may be that computers can be used to improve the teaching of many courses.
Computers may be useful in stimulating the interest of students who cannot
be reached in other ways.

Computing is best used in secondary schools by means of convenient
facilities, such as remote consoles, and simple instructional program-
ing languages. Instruction in the nature of computers and computing can
be by means of special texts supplemented with specially designed ex-
perimental equipment,

Unfortunately, this approach is contrary to much that is now being
done in secondary education. Sometimes the computer used is one which
is used for administrative purposes, which may be ill adapted to proper
introductory instruction. Sometimes the computer used is a small
machine purchased or rented primarily for instruction, but awkward to
use and of limited computing power compared with a remote console at-
tached to a large modern machine--or even compared to job shop operation
by courier or mail on some accessible more powerful machine.

This is not to deny that good and useful secondary-school instruction
can be carried out with less than optimal facilities. But we believe that
money is often spent, and financial obligations incurred (through the pur-
chase of computers which will be expensive to replace when they become
obsolescent and expensive to maintain at all times) which could be better
applied in securing service from a more suitable source. Indeed, many
secondary schools may, for want of guidance, reexperience all the diffi-
culties that universities and colleges have already gone through in coping
with computers and computing.

Cooperation between secondary schools and universities, -and particu-
larly providing service to secondary schools from university centers,
should be encouraged.

(1) Such as the material in the text, "The Man Made World," and the
associated experiments being prepared by the Engineering Concepts
Curriculum project under the auspices of the Commission on Engineering
Education.
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A. COMPUTERS IN HIGHER EDUCATION

Introduction

In attempting to assess the educational need for computers in
colleges and universities, we find ourselves compelled to believe
that within a decade essentially all university and college students
will require some basic understanding of digital computation.

In short, we believe that the computer and computing are rapidly
coming to have an impact on the life of practically every member of
our society. Most people educated beyond the high school level will
have occasion to make use of these tools, and all will need sufficient
understanding of their possibilities and limitations realistically to
appraise the new opportunities now available for information processing.

In all parts of education, government, or industry, digital com-
puter use has come about because it is an effective tool. Each new use
leads to several more-—like bookkeeping, inventory control, airlines

reservations. on~line control of manufacturing processes, design of

structures, diagnosis of disease, market analysis and forecasting, de-
sign and anazlysis of experiments in the social and natural sciences.
It is a new tool with unusual implications.

Suddenly, it seems, the computer and its many applications has opened
a new technical field to woman. Of all technological fields the computer
area shows the greatest growth in the employment of women, largely those
with baccalaureate degrees in mathematics.

In every day life the computer problem looms equally large. Auto-
mation is the usual name for the problem. It means using computers to
control machines and processes previously carried out by human labor.

A threat perhaps, but equally an opportunity. Many people can be relieved
from jobs of mental or physical drudgery. With additional training they
can carry out more complex jobs using computers than their abilities
allcwed before. How many checkout clerks in supermarkets could add well
enough to hold their jobs without a computer-—the cash register?

Clearly ‘some acquaintance with digital computers will be as essential
to the next generation as is now familiarity with the automobile and the
radio. It will need to know what a computer is, its uses and limitations.
For college and university students the time required to get such famil-
iarity may be about that to learn to drive a car. Unfortunately, parents
can't teach about computers so the colleges and universities must,

An Estimate of Needs

A quantitative estimate was made by classifying the needs of major
areas of study as (1) substantial, (2) limited, and (3) casual. Cate-~
gory 1 includes primarily all the biological and physical sciences and
engineering and roughly half the social sciences, mathematics, and
business and commerce. Category 2 contains the other half of mathematics,
social science, and business plus three-quarters of education. Category
3 includes mostly the humanities. )

In category 1 an introductory course in’ the freshman year would al-
low students to make routine use of the computer in many courses--probably
more than 50 percent-—throughout their undergraduate career. Students in
category 2 will probably take an introductory programing course at an
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early stage of their education and then make some use of the computer in
three or four other courses during their 4 years as an undergraduate.
Students in category 3 need not make any use of the computerxas part of
their major study although it is quite likely that even they will find it
useful in a few courses. By sometime in the 1970's it is doubtful that
more than a few percent of the students will graduate without having

made some use of computers.

A common characteristic of both the general and professional edu-
cation in computers is that the student is gaining understanding of and
facility with a tool. Such instruction is often best given, in terms of
motivation and of skill, in connection with the study of the discipline
for which the tool is important. Thus we would expect that students of
education might learn digital computation in connection with analysis of
educational statistics. Introductory physics students might find digital
computation a powerful tool for reduction of experimental data or in sim-
ulation of experiments.

Institutions will differ in the way in which they introduce students
to digital data processing, and this is healthy. But if the most is to
be made of limited time--and every new subject introduced into the col-
lege curriculum now faces rigorous competition from other subjects which
can make excellent claims on the student's time--it is important that
computers be used to extend rather than displace the student's grasp of
other subject matter.

In undergraduate education the computer offers especially exciting

possibilities in teaching the formation of hypotheses or theories. Phy-

sics, for example, has been very successful in describing and explaining
the physical world because theories could be constructed and results cal-
culated on the basis of fundamental principles. Yet it still is sometimes
hard to separate the logical from the empirical content of our knowledge of
physics.

As Prof. W. M. Huggins of Johns Hopkins University has pointed out,
computer methods now permit us much more readily to examine the logical
consequences of a given set of assumptions in nearly any discipline with-
out turning to analogous systems in the real world which imperfectly
realize the assumptions. 1In these situations, the implications of theory
may be examined with a "pure'" system in which a prescribed sequence of
operations can be performed precisely as specified without any uncertain-
ties or irrelevancies from the real world contaminating the investigation.

This manmade world of the computer will enable all disciplines to
a greater or less degree to generate an idea, hypothesis, or theory,
and test its value completely independent of its practical realization.
Added to this possibility is the computer's ability to handle data with
all the complexity that exists in the real world. Such powers have never
existed so extensively before and have tremendous potential at all levels
of the educational process.

An Important Plus

We have discussed the need for and cost of education in the use of
computers as a tool in solving problems in various disciplines. This
seems to us the most direct route to knowledgeable use of computers by
students and faculty. But the presence of a computer, or its input-
output terminals, on a campus creates an additional opportunity with
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equally great rewards. )
These rewards could come in the form of assistance in the teaching-
learning process itself. Many exciting new experiments have the student
interacting directly with the computer through typewriter, visual, or
audio presentations. With competent and careful programing of the computer
one finds it helping the student to construct answers rather than picking
them from a list; to learn as he would from a teacher.
The potential to the student and increased effectiveness of the
teachers merit intensive development of computer assistance learning
at all educational levels. With large computers, more faculty exper-
ienced in their use, and better input—output devices, this teaching

‘process can be explored and developed toward the end of the period we are

considering. It is possible that productivity gains will provide much
better education at very reasonable costs.
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Classification c. Computing Needs by Major Areas of Study

Major Area of Study

Usage

Substantial

Limited

Casual

Agriculture...voiieertineernnnnsnnns

Architecture

Biology

Business and Commerce

Education

Engineering

English and Journalism

Fine and Applied arts

Foreign Language and literature ...

Forestry

Geography

Health

oooooooooooooooooooooooooooo

Home Economics

Library science

Mathematics

oooooooooooooooooooooooooo

Military
Phiiosophy

Physical Sciences

Psychology

Religion ...

Social Sciences

ooooooooooooooooooo

Others

Total (460,000)..c.uvuernersss

100 (Percent)

ooooooooooooo

4,600

160,000

179,000

120,900

35

40

25
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B. SOME FACTS OF LIFE ABOUT COMPUTERS

The mode of using computers has changed steadily through the years.
In the earliest days of computers, each user took his program indivi-
dually to the machine and used the computer either until his problem
was solved, or until he ran out of assigned time. This is no longer
feasible except in che use of obsolete computers which have been re-
placed bLiut not discarded, and when one considers maintenance and space
for such machines, it is of dubious merit.

One of the first advances in adapting computers to easy use was the
open shop together with batch processing. Open shop operation means that
anyone who follows specified rules can get a program run, not just a scl-
ected group of programers. By batch processing we mean that the programs
and data for o lot of jobs which various people want done are put on a
magnetic tape and run through the computer in sequence. This means that
all Lrograms to be run must ronform to certaian rules, and use the input
and output facilities which are provided for all. All these functions
are implemented by a small amount of additinnal irtardware and a lar%i)
executive or system program to manage the operaticn automatically.

Batch processing can cut down the turnaround time, the time between
handing a job in at a computer center and getting an answer back, to
one or .wo hours. As computer’ have come to be used by more and more
people for a greater variety of jobs, even this may be too long to wait
for an answer.

A recent development which makes computers more efficient and more
flexible in use is called multiprograming. The flexibility is obtained
by having the computer take up tasks in order of their ease or bwrevity.
This is similar to a garage mechanic's having a 5-hour job but taking on
easier 5-or-10 minute jobs as they come in. By interrupting the larger
job periodically, more customers are satisfied and no one must wait for
a very long time. In multiprograming the computer can leave a long job
partly dona to take on other, shorter ones, then return. This procedure
also leads to greater efficiency. Without multiprogramming, the entire
expensive computer system can be idle if processing is delayed for any
reason; for example, if a new input tape must be mounted during the
course of computation. This wastes both time and money . . . With multi-
programing, another job, or part of a job, can be started (or even com-
pleted) during these necessary interruptions.

Another recent improvement in computer organization permits many
users to have access to the machine simultaneously. This is called
multiple access.

Both multiprograming and multiple access permit increased efficiency
of computing facilities and produce better service for more users.

The interaction between man and machine is an essential element in
many modern uses of computers. The computer types out a tevit, or draws
a picture, or places packages for minimum wire length, or calculates the
deflections in 2 mechanical structure, and a man obsasrves the result

(1) Programs of this kind become an integral part of the computer to
users, and so are often called "software' as a contrast with the
hardware. The other computer operating schemes mentioned in the
remainder of this appendix are also implemented by a hardware-
software system, not by hardware alone.
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and makes alterations to correct defects or to improve performance. Mul-
tiprograaing, multiaccess, and peripheral computers and visual displays
are important elements in making such interactions between man and machine
quick, easy, and efficient.

C. COMPUTER LANGUAGES

The provision of appropriate, adequate, and efficient languages is
one of the vital ingrediants in the wider and more effective use of
computers. This is a strong reason in favor of providing students and
faculty with access to a large and powerful computer, rather than a small
computer of limited flexibility and capability.

D. EDUCATING THE FACULTY IN USE OF THE COMPUTER

The greatest initial effort to aid faculty members would probably be
for disciplines which are already making substantial use of the computer.
Engincering comes to mind immediately as an outstanding example. Statis-
tics is another good example of an important computer application; it
touches many arcas of the social sciences, biological sciences, and
physical sciences. It is probably that many faculty members may have
their first occasion to consider use of the computer in connection with
statistical problems.

Younger faculty, who are closer to their graduate student days,
may have greater awareness of the growing importance of the computer,
and they may, therefore, be among the first to bring pressure on the
computation center staff to learn about the computer. But it has been
pointed out that a relatively short interval of intense training can
prepare a faculty member to make effective use of the computer, and it
is clear that many faculty members from all age groups will--and should--
want to become conversant with the computer.

Need to solve a particular set of problems or to keep current in
one's field provides an important motivation for 'a faculty member to
seek instruction in use of the computer. . . . Another motivation for the
faculty member is his desire to keep pace with his students who have
found the computer fascinating and useful. '

It is very important for the faculty to recognize that the time
needed to cross a significant threshold of understanding so that one may
begin to do useful work for oneself and his students is very low compared
to a discipline such as mathematics or operations research or languages.

There is evidence, from experience at schools such as Dartmouth,
that a nearby console and simple programing languages, if available,
make it especially easy for a faculty member to learn and fo experiment
with the new tool in spare moments and in private.

E. THE LARGE UNIVERSITY COMPUTATIONAL FACILITY

The Patterns of the Past

In the past, computation has usually come to colleges and universities
through a proliferation of computers around the campus, each computer as-
suming a single role such as teaching, research, or university administra-
tive data processing. While this "solves" the problem of administering
computers, albeit in a costly and redundant manner, it generally begs
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the question of how the computation might best serve the needs of edu-
cation, and it establishes artificial boundaries which tend to stifle
the healthy growth of university computer use.

The Flace of the Computer in the University

The advent of time sharing, terminals of many types, and the modular
computer makes computation more flexible and powerful, but it makes the
administration of computation more difficult, In the past a computer has
often been administered by some special group which uses it the most, has
the money to support it, has the space to house it, or sometimes merely
has had the courage and energy needed to obtain the device. While all of
these reasons were probably valid at the time the computer was obtained,
the passage cf time and changing conditions will almost certainly in-
validate the original reason for control of the computational facility
by a single department or specialized group.

A proper global view by its management enables the computation facility
to react t» the combined needs of the whole university rather than just
the particular needs of a single department or group.

The ultimate administration of the facility should rest in the hands
of an administrutor so placed as to be cognizant of the total needs of
the university. Due to the leadtime necessary to obtain additional or
replacement computational equipment, the administrator of the computa-
tional facility must be aware of the long-and-short range plans of the
university in order to have time to react to planned changes.

It is essential that the management of the facility have sufficient
independence so as not to be dominated by any one division of the uni-
versity and that there be enough intellectual leadership in the center
so th t it con understand the educational goals of the administration
and be competent to work with the faculty and students. Caution should
be exercised to make certain that all users have a forum in which their
needs and dissatisfactions ‘can be heard. When communication ceases, the
usefulness of the facility decreases. This is particularly vital ia the
field of computer sciences. The computer sciences faculty should not be
burdened with the administration of a computer center. Nor should their
research and teachiug interfere with the continuous and effective opera-
tion of the center in providing service. However, computer science
people should have a stong voice in the introduction of new hardware
and software and in adapting computers to new uses.

Facility Orientation

The chief reason for existence of a computation facility is to provide
computation, whether for teaching, or research ranging from history to
computer sciences.

In view of the large dollar value associated with computer devices and
staffs, it would scem reasonable that all campus computational facilities
should be coordinated through one person having the responsibility for
the total computational and data processing needs of the campus.

Since the universities are training the men of the future, it seems
v:.vious that the men should be trained on the most modern equipment avail-
ablc today in order to have a fair chance in the world of tomorrow.
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Facility Operation

In order that the facility provide adequate quality service, it
must be user directed. While one computer can work in practically all
areas of problem solving, it is rather doubtfuil that one pevson can work
in all areas. This situation requires that problem—oriented people serve
as an interface between the user and the computer. Marny of these problem-
oriented people wiil be administratively outside of the facility; some
may be within it. The number of interfac2 people will vary widely with
the number of user areas served by the facility and the extent of exper-
ience and capability of the interface personnel.

In general, the staff of the facility will fall into four categories:
(1) adminierative, (2) operatinnal, (3) software orienteds; (4) user
oriented.

The administrative personnel should concern themselves with the long-
and-short~-range plans of the facility while continually coordinating the
efforts of the other three groups. ‘

The operational personnel should be concerned with :the daily operation
of the facility and should attempt to maximize through-put and minimize
turnaround time.

The software-oriented personnel should concern themselves with the
operating systems of the facility, ever conscious of the needs of both
the user and the operations staff. The availability of good software
is probably more important than good hardware. It is not necessary or
desirable for most schools to write large operating systems programs
since they will be available from other sources. However, it is impor-
tant that software oriented personnel be availab+.e to interpret, modify,
update, and add to these programs.

The user-oriented personnel are the outward face of the computer
facility. They should serve as the buffer and interpreter between the
user and the facility. A failure in the first line of defense can well
make the rest of the facility ineffectual.

The Machine

An unfortunately common first step into the computing field is the
acquisition of one or more small machines with complete open—-shop opera-
tion. While this type operation is rewarding to the user, it is some-
what difficult to justify on a cost basis, and the user soon becomes
disillusioned by the limited size and speed of the machine.

‘When the terminal is mentioned, one normally visualizes a typewriter-
like device with someone operating the keyboard at a poor typing rate.
The term terr..nal should be taken to mean any input-output device avail-
able. One can visualize not only typewriterlike terminals in using areas,
but also high-speed readers and printers, graphical display devices, and
and small peripheral computers which store data and process it to some
extent but call on the central computer for difficult processing and com-
putation. Such terminals, and problem-oriented languages and compilers
open a whole vista of possibilities for university computation utilizing
a central processor and time sharing.
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¥. WHAT COMPUTER FACILITIES ARE APPROPRIATE

Smaller COlleges

Actual experience has shown that a single teletypewriter can expose
computing to hundreds c{ students during the course of an academic year.
Naturally, a deeper involvement in computers with more frequent exercises
will require additional tel.:typewriters.

!
Secondary Schools

In general, the purpose of secondary-school education i: the use of
computation should be to enable the student to vnderstand the nature,
ease and power of computation, and to use ti in tourse work in a veriety
of subjects, This is best done through the use of simplified languages
which are not available on small computers.

G. ESTIMATION OF REQUIRED COMPUTER CAPACITY AND COST

Introdcution

Estimating the required computer capacity and its cost is difficult
because of the complex interrelationship of the needs, the variety of
available facilities, and the uncertainty in the possible rate of growth.
+ « » On the basis of available data and experience we believe that the
simple programing languages, convenient terfuinals, and rapid access of
time-sharing systems will lead to a faster growth rate and a more wide~
spread use than with older batch—-processing systems. For example, at
Dartmouth, within 2 years after installing a time-sharing system, usage
grew from essentially zero to the point where more than one-half of the
students used the computer each quarter. Further time-sharing systems
appear to be .n economical means of providing high quality computing
service to ai'aost all schools.

Estimation of Needed Capacity

The basic/ﬁéit in the calculation was chosen to be the average number
of hours each student is at a console in each week. This figure was
estimated as one-half hour per student per week. (Very roughly, this
would be equivalent to one-h.1lf minute of processing per week on a large
batch—-processing comput:r.) It was obtained by estimating that those
students making substantial use of the computer would total 130 hours at
a console duvring their 4 years, those making limited use would total 46
hours, and those making casual use would total 18 hours. The average use
during a 4-year curriculum, based on the estimated classification according
to major areas of study, is then 0.35 (130)40.4(46)+0.25(18)=69 hours.

This is 17.25 hours per year of about one-half hour per week of the school
year. The total hours of use in each category might be made up as follows:
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Business

Substantial Hours Limited Hours Casual Hours

Introductory Introductory
COUTSECuvavsunns 10 COUTSEe.. ... 10
\
10 other courses, 4 other courses, 3\courses
12 problems 6 problems \ 3 problems
per course..... 120 per course.. 36 per course.. 18
Total.......... 130 Total....... 46 Total......, 18

Cost of the Consoles

. . » A reasonable estimate of their cost is $125/montN. Since most
students are in schools needing at least 10 consoles, it is assumed that
about 23 percent excess is adequate. '

J. EXAMPLES OF THE USE O COMPUTING IN COURSE WORK

\ Instructor's comments: The computer does analysis computations that
would take over 100 hours on a desk calculator. Without it, the analysis
would be simplified to eliminate many important aspects; with it, more
time can be spent on the interpretation and meaning of the analysis.

Instructor's comments: The computer enables students to explore the
process with 10-12 cases, each with 10-12 time periods. 1t takes the
exercise out of the realm of arithmetic and makes it a real learning
experience in the management of a process.

Mathematics
)

v

. . o "It's so fantastic it's almost impossible to say how much better
the course is. The amount of practice the students get is up by one to
two orders of magnitude."

Data

~ Before a computer was made available to the students a problem of
this sort could not be assigned because the calculations would have
required too large a portion of their study time. Now they are able to
do several such problems which provide a good base for considering more
complex and realistic systums later. The students have reacted very
enthusiastically to its introducticn into the course.

« + « The realistic problem made possible by the computer relates the
material covered in the mathematical treatment of numerical methods to a
"real" engineering ptoblem and gives students confidence in their ability
to solve real problems.
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Ralph Lazarus
Federated Department Stores, Inc., Cincinnati, Ohio

The digital computer has already proved to be of great value in
recording, controlling, and analyzing the masses of merchandise infor-
mation which we require to run our increasingly complex business. It
is also used more and more effectively in our analysis of current opera-
tiona and seasonal budgeting. :

It will become even more valuable as we lecarn to use its qualita-
tive potentials for longer rangé knowledge, and decisions which we have
to make. We should be using this tool to identify not only future needs
of consumers, but also in what kind of environment and with what kind of
services they will wish to make their purchases.

As we develcep our organization for the future, we will be searching
for men and women not only knowledgeable in the principles of management,
but in the techniques of applying these principles as well. We will be
looking to the universities to produce graduates with a broad spectrum
of knowledge, including an understanding of the use of computers to
manage a large business, both short and long range.

Daniel V. DeSimone
Director, Office of Invention and Innovation, U. S. Department of
Commerce, National Bureau of Standards

It is common to say that the computer has changes our lives, that
it enables us not only to do things better, but to perform tasks never
before feasible to man. What is not common is the realization that the
computer has given man a new freedom, which is of enormous significance
to the education and fulfillment of this generation and all those to
com>. It has released him froem the drudgery of the past and given him
new opportunities to utilize his creative powers, as the Greeks put
it in another age, along lines of maximum excellence.

It is of the greatest importance, therefore, that man be educated to
harness this electronic servant, for only then will he more univer-
sally be free to develop and fulfill hims¢lf creatively. Ang we would
hope, too, that with this new freedom, our educational system will then
devote greater emphasis on stimulating the inventice and innovative
potential of students, for it is not sufficient merely to teach them
what the computer can do for them. They must also be taught what the
computer cannot do for them.

John G. Kemeny
Dartmouth College

.« .1 am of the opinion that no other academic program yields as
high as dividend, per time invested, as the freshman computer program.
Even if the student never again touches the computer, he will leave the
college with a sensible attitude toward the use of high-speed computers.
We also know that a significant minority of the students avail themselves
of time-sharing in connection with more adyanced courses. The ability to
assign computer problems as a matter of routine, in any course that has
a year of mathematics as a prerequisite, is beginning to show a significant
effect on the campus. OQur engineering and business schools have made most
imaginative use of time-sharing in a wide variety of courses. We also
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find scattered, but interesting use throughout the science and social
science departments. And everyone seems to agree that the use will
expand as the faculty gains more experience. . . .
\
H. W. Johnstone, Jr.
Professor of Philosophy and Assistant to the Vice President for Research,
Pennsylvania State University

Let me begin by agreeing with you (J. R. Pierce) that most urder-
graduates should be exposed to computers and computing as tools. But
my own argument for such exposure is not that most students ought to
learn to use the computer in order to solve practical problems, any
more than I would argue that they should study scientific method in order
to solve practical problems. Scientific method, in the form in which is
sometimes a reqguired course (or part of one) for all or most undergrad-
uvates, is a liberal study. Its purpose is to acquaint the student with
the nature of scientific thinking, so that he will see science not as a
kind of familiar magic that he takes for granted, but rather as a human
achievement. 1In my view, a similar liberal course ought to be given on
computers. The emphasis would be upon the concept of a computer and
upon the general methods of using computers. The student who had been
exposed to such a course would see the computer as a human achievement
rather than as a blwrk bcx to be taken for granted. He would see how
the possibility of using computers to solve problems has revolutionized
the ways in which we think about the problems. A person for whom the
computer is merely something to be used gains from his contact with it
no appreciation of the nature of the contemporary world. Such appre-
ciation presupposes a certain awareness of the nature and method of the
computer as such--an awareness that is quite different from the knack
of programing in FORTRAN. No one could say that the course I have in
mind is concerned with gadgetry.

I would an that the nature and method of the computer are philo-
sophical ideas, like those of the nature and method of science in
general. Most of the ideas presented in truly liberal courses are
philosuphical. The philosopher can be concerned with these ideas in a
deeper way than is either the student or teacher of the liberal course.
The philosopher is not content merely to expound the ideas; he is in-
terested in stating as clearly as possible what they mean. Both the
idea of the computer itself and society's assumptions about the use of
the computer need analysis and clarification.

The philosopher sees culture as manmade, and indeed as an expression
of man's view of his own nature. Medieval culture was the expression of
the view that man is at home in the world. When science first arose
in the 17th century, it was both the cause and the result of an increas-
ing sense of alienation from the world. Man regarded himself as a crea-
ture of subjectivity, whose senses screened him from the invariant math-
ematical relationships that governed the universe in its infinity. Now-
adays we are less sure that these relationships are invariant, less sure
that the universe is infinite, and more confident in our own point of
view. Some of this confidente has been won through the .se of the com-
puter. Its role in our culture is thus an expression of our view of our
own nature.



At our symnosium (the computer symposium presented at Bell Labora-
tories in June 1966), I was fascinated by the particular applications that
you are making of computers. What impressed me most deeply was that in
the number of these applicatioys we huve reached a turning point. The
use of the computer has all at once spread to all aspects of our culture.
It is this that struck me ac being of primary philosophical relevance.
What is relevant is the way the comput~r has changed the quality of
contemporary life--not so much in satisfying our material needs as in
causing us to think about ourselves in a new way.

H. O. Pollak
Director, Mathematics and Statistics Research
Bell Telephone Laboratories ,

. . . Future computing specialists, future secondary teachers of
mathematics, future research mathematicians, future users of mathematics .
in other disciplines, and future teacherz of undergraduate matiiematics
make up most of our body of mathematics students. It is clear that most
undergraduate mathematics coursel should contain auestions, problems, and
pieces of theory which are motivated by the numerical aspect of the sub-
ject., VFurthermore, all mathematics majors should have an exposure to
the computer.
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Appendix C

NEEDS VERSUS DESIRES

Al
In order to establish specifications and criteria for computer
selection, it was necessary to determine required and wszeful
ceatures. The determination was based on extensive meetings with
faculty members (most departments were consuvited) as to needed
and desired applications.

Those features found to be required are listed:
o ANSI COBOL and administrative applications pack-
~ ages.
e Versatile timesharing (BASIC or XBASIC; ANSI FORTRAN;
ANST COBOL).
e Load~and-go FORTRAN.
@ Concurrent batch and timesharing capability.
e Large batch processing capability (at least 100
K bytes) for at least COBOL and FORTRAN,
e Batch multiprogramming and spooling capability.
Two or more 9 track tape drives. :
Capable statistical and scientific applications
packages.
Data base management system.
Text processing system.
Discrete and continuous simulation packagas.
String Manipulation language.
CAI language and applications packages.
Optical page reader.
Digital plotter ’
CPU to CPU communications capability (not necessar-
ily implemented with initial configuration).

Those features found to be vary valuable, although not absolutely
required, are listed in order of priority:

e APL,

e Graphics capability,

e Digitizer.

e PERT and Linear Programming application packages.

e TFORMAC.
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~ ANDREWS UNIVERSITY

BERRIEN SPRINGS, MICHIGAN 49104

Telephone: (S10) 471-7771

November'22, 1972

To: . Richard Hammill
From: LeRoy'Botten

Subject} Interim Academic Feasibility Study Status Raport

The Acedemic Pea31b111ty Study Committee has completed the first phase

of its vork. From an initial group of 22 system proposals, 8 were selected
for detailed study. -Based on vendor presentations and literature, Data-Pro
(and similar sourceq), and a limited sampling of reference accounts-a
preliminary analysis has been completed. The analysis assigned points

to about 400 categories grouped into the five'‘major areas included in

the attached table. The numbers in parentheses represent the weight assigned
to the major areas. : ’ -

The remaining rows in the table are self-explanatory, but should be intef—
preted with caution. The weighted point total is a measure of system :
performance; however, we deferred analysis of available applications prograns
until after this initial screening was completed. The monthly cost repre-
sents total cost of the system based on our purchase cost, mainienance
cost, software cost (as appropriate), and a depreciation allowance for

our printer. A standard pricing formula was used for comparison purposes.
Before the study is completed, these gosts may be changed based c¢n revised
configurations or alternative funding methods. (A standard configuration
was used to permit cost comparisons——our initial installation may not
require the full evaluation configuration.)

Several vendors have been eliminated on the basis of not meeting required
performance criteria: Burroughs 5500, Honeywell 430, IBM 370/125, and
NCR 200. We feel closer investigation will help separate the closely
grouped remaining systems. In particular, now that the number of systems
has been further reduced, we will be able to apply more detailed methods
of study. Art Klein is doing a financial analysis on Digital Equipment
Corporation, Hewlett-Packard, Xerox Data Systems, and Funding Systems
Leasing Corporation. We Wlll contact a larger sampling of reference accounts
and plan visits to installations where practicable. We will arrange for
proof that certain vital existing programs can be properly compiled and
executed. We will be studying in great detaill the available applications
packageb A new series of vendor presentations on a very technlcal level
will be scheduled.



Richard Hammill
November 22, 1972
Page Two P

Two other noteworthy additions have also been made to the study. The %
first is comparison of our study to that of (intentionally omitted). The |
second is a detailed consultation with (intentionally omitted) on the

results of our study to date.

‘ Although these results are encouraging, they represent only interim results
These conclusions depend heavily on what the vendors claim for the systems.
This part of the study was planned to ensure that we did not overlook

the potential "best possible" system. The next phase of investigation

is intended to carefully verify the claims of the manufacturers and ensure
that the system finally recommended will perform satisfactorily in our
applications. TFor this reason, the final recommendations of the Academic
Feasibility Committee may differ from conclusions drawn from data collected
to this point. :
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Appendix F

' CORPORATE STABILITY REPORT

A, Klein of the Business and Administration Department was asked
to evaluate the strength and stability of the vendors of the four
systems not eliminated on the basis of criteria and Funding Leas-
ing Systems Coporation :(a firm offering computer financing via
leaseback). Based on Standard and Poor's, and Argus rating systems;
and on brokerage ¢ontacts the following comments are submitted:
Xerox Data Systems: 107 of gross is in computer field; Argus
(scale of 1 to 4) rates Xerox Data Systems as 1; Xerox
Corporation is solid, conclusions regarding Xerox Data
Systems are less clear.. /
Univac Division of Sperry Rand Corporation: Univac is the largest
contributor to Sperry Rand sales and earnings; Univac is
second only to IBM in the computer industry; Univac revenues
are expected to increasej Univac is very healthy.
Hewlett~Packard Company: very healthy corporationj, only small
fraction of business (2% of gross) is in computers; Hew-
-~ lett-Packard could easily back out of the computer business;
Argus (scale of 1 to 4) rates Hewlett~Packard Company as 2.
Digital Equipment Corporation: major strength in the mini-computer
market; excellent profit and loss record;. Argus (scale of
1 to 4) rates DEC as 3; although DEC is not as lérge as those
firms rated above' it is totally committed to the computer
field; it is a very strong firm.
Funding Systems Leasing Corporation: a wholly owned subsidiary of
Funding Systems Corporation; Equimark Corporation owns 51%
of FSC; $47,647,000.00 is invested in FSLC; no evident
problems existy
l

(Pages F-2 tthugh'F—ls intentionally omitted)
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REQUEST FOR BENCHMARK

Purpose ;

"The principle purpose of this benchmark study is to demonstrate that
certain representative programs can be executed, on the systems proposed
for installation at Andrews University, by vendors'ﬁeceiving this request.
Sample production programs, and appropriate test data, are also included
in order to measure ease of conversion. The secondary purpose of the study
is to measure compile, execution, and response times of representative pro-.
grams, under controlled circumstances, as an aid in assessing processing
capabilities of the various proposed systems. . -

Andrews University does not suggest that the programs submitted con-
stitute a comprehensive or representative mix of processing to be accom-
plished in the future. Rather, the programs were chosen to exercise cer-
tain compiler and machine features which are of particular interest.

Time Frame

In crder to obtain system delivery at a.time acceptable to Andrews
University, an order must be placed no later than the middle of January
1973. For that reason we must require that results of this study be in
the hands of LeRoy Botten absolutely no later than 1:00 p.m. on January
8, 1973. Please do not request deviations from this policy, none can.be
granted. If for some reason the study can not be completed, please re-
turn partial results. Results received after the stated time can not be
considered. ‘ :

Evaluation of Results

* Andrews University reserves the right to make the final determination
of the value and usefulness of any or all parts of the study. In view of
the commonly understood difficulties. of conducting a fair benchmark study,
we do not intend to make a final determination necessarily based on the
results of the benchmark. Nevertheless, we do desire results which can
be used to make meaningful'comparisons between proposed systems.

Since a relatively short t1me has been allowed to complete the study,
we do not expect that a test sysLem will be configured precisely to the
bid configuration. It is necessary that a full description of the test
configuration be forwarded with test results. Results submitted without
an adequate configuration summary will not be considered.

One of the most difficult tasks in evaluating a benchmark study is de-
termining how variations between bid and test configurations have biased
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results. Realizing that each vendor is in the best position to under-

" stand any, existing biases, we expect that a full disclosure o¢f such

biases will accompany test results. The cover letter accompanvany test
results, or partial test results, must contain the following statement:

"(Vendor) certifies the configuration proposed
for Andrews University will meet or exceed performance
standards specified or implied by the attached bench-

~ mark test results. Where necessary, due to differences
between proposed and test configurations, results of
tests have been adjusted to represent the proposed con~
fipuration performance. All such adjustments have been
specifically noted. (Vendor) is willing to include in
the final contract a committment ‘to rerun the bench-
mark study on the installed system as a final accept-

. ance test such that system acceptance by Andrews Uni-
versity will be contingent .on performance equal or bet-
ter in all respects than performance specified or im-
plied by the enclosed test results."

Please understand the intent of the above paragraph is to help pre-
vent- a difficulty common to many benchmarks: test systems that are con-
figured to perform better than proposed systems. Vendor cooperation with
the intent of this paragraph should help Andrews University to fairly
interpret the results of this benchmark study. Results submitted with-
out the above statement will not be considered. ’

Programs

The test programs (descrlbed in enclosures) will be 1dent1f1ed in the
test procedures as follows:

BASIC

Bl ~ BATCH REGRESSION
B2 CONVERSATIONAL REGRESSION

B3 RANDOM
B4 MATRIX : _
B5 FILES B /
B6 GRAPH
B7 ALPHA
B8 B CRUNCH
COBOL
Cl FILE : c - : ‘
2 CREATE UPDATE
€3 PRINT
C4 COFY
¢5 SORT

C6 DEMO  (data for C2, CREATE)
C7  DEMD (data for C2, UPDATE)

-3



TORTRAN

FL- F CRUNCH

F2 DIFFRACTION
F3 FOURIER

F4 EQNS

F5 COMPLEX

" Conversion Test

Record man-~hours and systems resources required to convért COBOL pro-
grams Cl, €2, C3, C4, and C5. Provide listings of converted programs.

Dedicated Machine Performance Tests

In.order to allow controlled timing tests,the following programs are
to be separately run on a totally dedicated system in the timesharing mode:
B8, Cl, Fl. Program logic includes print statements which are to' used in
timing. Using a stopwatch, time the interval between the "RUN" command and
start of the output, "START;" record this interval as "compile time." Using
a stopwatch, time the interval between the start of output, "START," and

the completion of output, "STOP;" record this interval as "execution time."

EX}

Similarly, the following programs are to be separately run on a to-
tally dedicated system in the batch mode: B8, Cl, Fl. Modify program code
as necessary to use system interval timer to record 'compile time'" and "execu-

tion time" as defined in the previous paragraph. Record interval timer

precision.

y

et

Lamguage Tests

. . . . .
Make coding changes %equirgd to execute Bl, B2, B3, B4, B5, B6, and
B7 in the timesharing mode. Submit a listing of each program as executed
and corresponding output. - : '

Make coding changes required-to execute C2, C3, C4, and C5. Submit a
listing of each program as executed, compile-through-load time for each
program, and cutput from C3. Timing to be based on system interval timer
(make' coding chariges required for its use with each program).

Make coding changes required to execute ‘F2, F3, F4;rand F5. Submit a

_listing of each program as.executed, compile~through-load time for'each

program, and output from each program. Timing to be based on system in-
terval timer {make coding changes required for its use with each program).
. . : \ = .

Multiprogramming and Concufrrent Processing Tests

For the background processing in.this test two job streams are to be

used: a precompiled COBOL job stream composed of data C6 and C7 processed by

!
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precompiled programs C2, G3, and C4; and a sequence of compile-and-go runs
for F2, F3, F4, and F5. Each of these job streams is to be run in the or-
der shown. On- completion of each sequence the cycle is to be immediately.
restarted (eg., F2, F3, F4, F5, F2, F3, F4, F5, F2, ...). Using the
system interval timer, nieasure the time from start to end of each sequence
(as requested below) and record as "COBOL'sequence time (CST)" and "FORTRAN

 sequence time (FST)" respectively. Submit a listing of each sequence as

. executed. :

No Timesharing Users

Record.average values of CST and FST with no timesharing users.

Five Timesharing Users

Record average values of CST and FST with five timesharing users oc-
cupied as follows (each user repeats his "assigned" process during dura-
‘tion of test phase) : ;

N
2

creating and debugging Bl
running B2

creating and debugging C1
creating and debugging F5

=N

Ten Timesharing Users

Same as for five t1meshar1ng userq, except two sets of tlmesharlng users
as described above. , -

.

Fifteen Timesharing'Users

. Same as for five t1meshar1ng users, except three sets of five time-
ahallng users as descrlbed above.

Minimum Standards

Although all parts of the benchmark test are of interest,the time al-
lowed for completion is somewhat less.than would normally be expected.
‘Andrews University is most interested in complete results for the Con-

. version Test, the Language Tests, and at lease some demonstration of mul-
- tiprogramming and coucurrent (timesharing with batch) operation. When
‘these results are assured the other tests should be run. ’




. BASIC PROGRAMS




Bi 'BATCH REGRESSION

This represents a typical student ‘program in which the student takes
about 15 minutes typing in the initial source program and then takes a-
bout 10 minutes ¢ rgging and testing the program running it several times
while making the rections. ‘ -

10  LET T1=T2=T3=T4=T5=0

20 READ N

30 F@R I=1 T@¢ N

40 READ Y, X

50 LET T1=T1+X

60 = LET T2=T2+Y

© 70 LET T3=T3+X*X

80  LET T4=T4+Y*Y

90  LET TS=T5+X*Y

100 NEXT I

110 LET V1=T2-T1%TL1/N

120 LET V2=T4-T2*T2/N

130 LET V3=T5-T1*T2/N

140 LET B=V3/Vl

150 LET A=T2/N-B*T1/N i
160 PRINT "Y INTERCEPT A", A
170 PRINT "SL@PE B", B

180 LET R=V3/SQR (V1#V2)

190 PRINT "C@RRELATI@N R", R.-
200 STPP -7

210 DATA 5
220 DATA 12,
230 DATA 18,
240 DATA 26,
250 DATA 42,
260 DATA 55,
270 ‘END
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B2 CONVERSATIONAL REGRLSSION

This represents a typical library program in statistics or a program
in computer assisted instruction. The user calls the program that has
been stored on line and then uses it for one or two problems. The whole
procedure may take 5 minutes of question and ansver dialogue.

10  PRINT "SIMPLE LINEAR REGRESSI@N"
20 PRINT '"NUMBER @F @BSERVATI@NS";
30 INPUT N : .
40  LET T1=T2=T3=T4=T5=0
50  PRINT "TYPE Y, X F@R @BSERVATI@N"
60 F@R I=1 TP N
70  PRINT I;
80 INPUT Y, X
90 LET T1=T1+X
100 LET T2=T2+Y
110 LET T3=T3+X*X
120 LET T4=T4+Y*Y
130 LET T5=T5+X*Y
140 NEXT I :
150 LET V1=T3-T1*T1/N
160 LET V2=T4-T2%*T2/N
170 LET V3=T5-T1%T2/N
180 - LET B=V3/V1
190 LET A=T2/N-B*T1/N
200 PRINT "Y INTERCEPT A", A
210 PRINT '"SL@PE B", B
220 . LET R=V3/SQR (V1*V2)
230 PRINT "C@RRELATI¢N", R
240 Gp T4 20
250 END
RUN
" SIMPLE LINEAR REGRESSI@N
NUMBER @F @¢BSERVATI@NS? 5
TYPE Y, X F@R @$BSERVATI@N
1?12, 1
2718, 2
3726, 3
4242, 4
5?55, 5
Y INTERCEPT A  {#{ititdiHi
SLGPE B - FHF
" CARRELATI@N S =
NUMBER ¢F @BSERVATI@NS? ST@P
PROGRAM ST@PPED.




B3 RANDOM

This program demonstrates the random number generator and the
RAND@MIZE statement. :

10 RAND@MIZE
20 F¢R I=1 T¢ 30
30 PRINT INT (100%*RND);

40  NEXT I
50  ST@P
60 END




B4 MATRIX

The following program demonstrates the MAT commands solving a set of’
n simultaneous linear equations for n unknowns.

10 DIM A (10,10), B (10,1), V (10,10), X (10,1)
20 READ N
30  MAT READ A (N,N),B(N,1)
40 MAT V=IXV (A) i
50 MAT X=V#B
60  MAT PRINT X
70 . ST@P
80  DATA 2
90  DATA 1,3
o 100 DATA 2,1
110 DATA 20,30
120 END -

ERIC . 1o




B5 FILES

This program illustrates file handling procedures for creating files,
reading and writing files, and listing files.

NEW:FIL
100 2,
20 1,
30 2,
40 3,
SAVE

NEW:FILE2

SAVE

NEW : PRGG

10 FILES FILEl; FILE2
20 READ #1;A,B,C

30 IF EMD #1 THEN 70
40  LET T=A+B+4C

50 WRITE #2:A,B,C,T
60 G¢ T¢ 20

70  ST@P

80 END

RUN

@LD:FILE2

LIST
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B6_GRAPH

This program creates a graph using the TAB function.

10 F@R X=6 TG 50 STEP 2
20 LET ‘T=10%SQR (X)
30 PRINT X;TAB(T);"*"

40  NEXT X
50 ST@P
60  END
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B7 ALPHA

This geography drill creates and uses an alphabetic list.

10 DIM A$(100), B$(100)

20 READ N

30 FOR I=1 T@ N

40  READ AS$(1),BS(I)

50 NEXT 1

60  PRINT "GE@GRAPHY DRILL"

70  PRINT "“TYPE THE NAME @F THE CAPITAL CITY"
80  PRINT "AFTER THE STATE"

90 F¢R I=1 T@ N

100 PRINT AS(I);

110 INPUT X$

120 IF X$=BS$(I) THEN 140

130 PRINT "C@RRECT ANSWER IS";B$(I)

140 NEXT I

150 ST@P

160 DATA 5, @HIQ, CPLUMBUS, @REGHN, SALEM, CULPRAD@, DENVER
170 -DATA MARYLAND, ANNAP@LIS, MICHIGAN, LANSING
180 END L




B8 B CRUNCIH

This program is designed to test the looping mechanism and, to some
extent, the raw processing power in BASIC.

10 PRINT "START"
20 LET T=0

30 F¢R I=1 T¢ 1000
40 F@R J=1 T@ 1000
50 LET T=T+l

60 NEXT J 1
.70 NEXT I

80  PRINT "ST@P",T _

90  ST@P ‘

100 END

ERIC SR  G-14



FORTRAN PROGRAMS
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F1 F CRUNCH

This program is designed to test ' the looping mechanism and, to .some

extent, the raw processing power in FORTRAN. -
WRITE(6,2)

2 F@RMAT (6H START)
T=0.0 ‘

D@ 4 I=1, 1000
D@ 4 J=1, 1000
4 T=T+1.0
WRITE(6,6) T
6 F@RMAT (5H ST@P,F15.0)
ST@P
END

O
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F2 DIFFRACTION

o

This program uses iteration to calculate the Debye-Waller factor for,
data included in the program. The solution found is for equation {2.111).

The control cards included in the listing are for WATFIV.

“ | - | ' G-17




LATTICE WAVES " (2.8

The pheromenon of inelastic diffraction is a valuable tool for the
study of the lattice dynamics of crystals. The beam diffracted in a
particular direction is associated with lattice modes having a definite
wave-vector g. Onecan look at the change of energy of the diffracted
particles, and hence measure #iv,. By looking in different directions,
and moving the crystal into different orientations, one can plot out
the whole function v,. Of course, this hasseveral branches, of different
polarization, but these may be separated by systematic analysis.

- However, this experiment is only practicable with ‘thermal’

neutrons, whose wavelength is of the order of the lattice spacing at
energies of the order of 0-1eV. The shift due to the phonon energy,
which is of the order of 20 or less—perhaps 0-01 eV.—can easily be
observed. For electrons and X-rays the beam energy must be much
higher—tens or hundreds of elcetron volts—so that the small change
in energy in the diffraction process cannot be detected.

2.9 The Debye-Waller factor

The terms in (2.97), corresponding to scattering processes involving
oile phonon, are not all that may oceur in the structure factor (2.95).
It is easy to see that the product of factors like (2.96), and also higher
- terms in the expansion of the exponential, give rise to contributions
containing various products of factors like Ujexp (iq+I). For each
such factor, one says that the corresponding phonon has been created
or destroyed, so that these terms refer to muliiphonon processes.

Generally speaking, these processes fall off rapidly in rate as we go
to higher order, and do not contribute very heavily to the background
of inelastic diffraction, There is, however, an important class of terms,
arising from the squared term —3 |K-U|? in the expansion (2.96),
which do not average to a small contribution, If we look at (2.95) and
{(2.96), we find that matrix element for both elastic and inelastic
scattering ought to be multiplied by .

e = [1{1—~3}[K-U,[3. (2.103)
¢ .

This is called the Debye~1aller factor. Tt is written in this form
because we can use a standard theorem of algebra

N—+o 1=l N 4¥ nat

N 1" 1 N
lim T[] (1 —é—N'a,,) = e_\'p{—- lim‘—v > an} (2.104)



2.9] - LATTICE WAVES

to transform the product into a sum. Thus '
eV =exp{-X}|K-Uy[%, - (2.105)
: q
ie. W=33|K U2 (2.106)
.q .

To evaluate this sum, we need to know the amplitude, U,, of the
gth lattice mode. This will be a funetion of the temperature. We know
that the average energy in this mode is given by (2.47);

= @+ i,  (2.107)

where 7, is the average nuraber of phonons in the modc as given by
the Bose—Emstem formula (2.46).

Classically, we can calculate the energy of each sxmple harmonic .

oscillator mode as the sum of its kinetic and potential energies. These
are known to be equal—so we have, from (2.1) and (2.8), -

g = ?ﬂ[s ‘Iﬁsllz

= SN |02
8]

= SN, : (2.108)
T : o
- If there is only one atom per unit cell, of mass 2, then
i JU,J2 = &N .[
= (T +3)#/ N M, g (2.109)

We know the polarization of Uy for each branch of the lattice
spectrum, so that we can, in principle, caleulate the Debye-\Waller

factor exactly.

To see how it should behave let us assume a Debye model with all
three modes having the same velocxty For any one polarization we

should find, on the average
i

but with three different polariiations the factor 1 is removed.

t There is a useful rule: in this-model, the three modes are degenerate at each
value of q. Therefore one can choose the polarization vectors at will, provided they
are orthogonal. One therefore chooses one mode to have U, parsllel to K, the other
two normal to K. This yields the result; we need.

i.
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LATTICE WAVES [2.9
From (2.46), (2.56) and (2.109) we have

n+%
W= by o [Pt

2 J' [ .1 3"2d
A Jo \FHFT17 3™

Lol —

SRR pOIT( 1 ]
_5-——1‘1k®—5!0 {e——-——z__l+§}zdz, (2.111)

as in (2.57).
At high temperatures the upper limit of the integral is small, and
the exponential factor in the integrand can be expanded in powers of z.

The result is | - L3 nRReT 2110
3 kG (2-112)
Thus, the X-ray diffraction pattern, which is proportional to the
square of the matrix element %, is reduced in intensity by a factor

e ~ exp (312K 2T M kO2). (2.113)

This factor depends quite strongly on the temperature, and also on the
magnitude of the scattering vector. This result would be obtained if
we used classical statistics for the average energy of each mode, i.e.
&, = kT.
_ At temperatures below the Debye temperature the formula is more
complicated, but we'note that IV will tend to a constant at the lowest
temperatures. This is due to the term } in the integral—a term arising
from the zero-point motion of the lattice. This is not a negligible effect:
| W z Z[-fi{:) as T -0, (2.114)
which is 1 of the value of 7 at 7' ~ ©. Zero-point energy may be "
: physwally irrelevant, but the mo! ion associated with it can be observed
directly. : :
The derivation of (2. 111) provides us, inc_:idental]y, with another
interesting result. It is clear from (2.1) and (2.8) that the mmean square
amplitude of the vibration of each atom aboutitslatticesiteis given by

1
7\71-4 Iul I lUtllz
91"21' i
® 10 (2:115)
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2.9] LATTICE WAVES

above the Debye temperature. At the temperature 7' the root-mean-
square displacement of cach atom from its equilibrium site will thus’
be a fraction x of, say, the mean radius r, of a unit cell, where

oL*
RO

The Lindemann melting formula is based upon thisidea. Itissuggested
that a solid must melt when 2 attains some standard value, 2;,. Thus,
the melting temperature 7), is related to the other atomic constants
of the solid by

(2.116)

L .
Tm='§]’,‘7,.1]fke (2.111)
It seems that z,, is in the range 0-2-0-25 in most solids.

This rule may be used to estimate the Debye temperature approxi-
mately from knowledge of 7},. It also provides a convenient short cut
for estimating values of quantities, like TV, which depend on the
amplitude of the atomic vibrations. For example, we can show that
(2.112) can be written T K

: Weaal

m gl 2 ¥

(2.118)

where gp is the Debye wave-number (2.53).

2.10 Anharmonicity and thermal e‘:pansmn

At the beginning of this chapter, we e\:panded the potential encrg
of the crystal as a Taylor series in the lattice displacements. But this
series, (2.2), was curtzulcd at the second- order term. There will be
further terms, such as o

o VO =3 'u’,u 'u’-.[-——és.i.—] (2.119)
' . Ll [T P IS g

and so on. The actual calculation of the coefficients is a very com-
plicated problem.

Several important physical phenomena are associated with the
anharmonic terms. Of these the most familiar is thermal expansion.
It is not easy to derive this directly from expressions like (2.119), but’
the general physical idea is casy enough. As the temperature rises the
amplitude of the lattice vibrations increases, so that the average r. .
values of the displacements u,, ete., increase. The anharmoniec terms

" contribute to the free energy of the crystal, which is now no longer
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REJL ®4 KAPA,RAPD 3G¢
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CATA ITCENU, ICEHE, IDENK /G, TEY, TR/ g
REAL#4 11(3) /1e91Carel/
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FLAMEL=.7CS2 39
EUNC2F=Ce 141174 CEXFLAMBD*% 2/ (300, C*ECL C)) 3%
1100, _FEAL (5737, ERC=549) IDENA,IDENH 471,725 ANGLEA,ANCLEE, FINT1A, _ . 3%
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737 FORMAT (ZA1921 6e132FTeZy4FEa2yF4al) 3%
_____ WRITE (C9735) Y1, TZ;ANGLEA$ANGLEESFINTLA,FINTLEZFINT2A,FINT28,  4G*
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feCALL CMPLXF (2, THETAB,FLAMOD,FZERC,F X0y PHIXS) e 40
FZERC=ATGMFC(TEETAA, 2) 4
CALL CMPLXF (1,1}ETAA,FLANBD,FZERG,FYA.PHIYA) 40}
o FZERU=ATOMFC(TFETAB+ 2) T
TCALL CHPLXF (1,1PETAB,FLANBD,FZERC,FYB,FHIYB) 4C;
CPHIA=PhIXA-PFRIYA 40
o CPHIE=RFIXE-PFIYE . — 1
LG 559 I1T=1,5 ’ ‘ ~ 4L
THCEXC=11TX{IT) :
_______ THCEYC=TTTYLIT) o
- o FRITE (€,73S) T1,12,ANGLEA,ANGLEB,FIRTIALFINTIB,FINT2A,FINT23, 4¢C
_ 1 ALPLA, ICENA, IDENS T 40
S _WRITE (&, 7712) THDSXC, THERYC, e
TT13 FURMAT (' CEBYE 1EMPERATURES?Y32F11.5,5X,2E13.4) '
PSIA=2.0%{ ZoC%3.14915C#SIN(THETAA) /FLANBD ) 5%2 ' 4¢
e PSTE=2.0%(2.0%2.14156%SIMUTHETAB) JFLAMBD)#%2 4¢
ETAE2=FINT18/FINTZY \ , 4¢
ETAAZ=FINTIA/FINTZA s 4¢
__EMASSX=2CCa6 . - e e e
FMASSY=127.¢ ;
CHIX=146./FMASSX g
_ G-22 . s
s
- - . i
- . 3 ;
. ' S‘




CHIY=146./FMASSY
. DO 50C ITIMES=1;20
o IX1STECBXT/TI
| TZXZ=TERLEXC/T2
. 2Y1=THESYC/TL
__IY2=TFLEYL/T? L
TUXI={CRIXZU X1 TECE X0 TE(CEDYET L ZX1 )+ 201744 )
UR2=(CHIX/ (X2 THFLERC ) )X {DEBYEL (2X2)42X2/4 )
UYI'(CPIY/(LY1*1!U YOY)R(UEBYEL(ZYL)+2Y¥1/40) .
UY2=ICFIY/LZY: 1ku%&0))*(WESYEI(ZY2)+ZY414 ) ’ ’ ’
GAX1={ FAAFLEXP(—PEIA®UX]) )34
. Gix2= (fXA%EXP(—H<iA*LX/))**2
CAY ={ FYAFEXP (—PSIa®LY 1) )e=2
GAY2=({ FYA2EXE(-PSTA%LYZ) ) +#%2
LGEXI=CFXDREXP(=pSIB*LAN o422
TGEX 2= FXEEEAP (=P STH¥LUXZ) 342 o
GRY 1=( FYR*EXPF(=BSl5%UY1) )42 )
e GEY2=(FYBHEXP(=PSIDXLYZ))3%2 e
C*¥#% CFANGE CCHVERCGENCE VAXKIADLE 10 1/IHETA, WHICH CAN BE ACCLNPLISKEC
o INSERTING AM EXTRA (—THETA%%2) : -
_VXY={CHIX/TI##2)%VVDEB(ZX1 )+ (—=THDBXC*%2)
VX2={ CEIX/T28%2 ) VVUER( ZX2 )% (~THDH XC%2)
VYL1={CRIV/T 1% 2)5YVDES(ZY1 )% (~THOBYC#%2)

FOLLEBT ©

. NY2=( CHIV/T 2% 2 )% VVDEB( 2Y2 )% (= THDB YC2#2) o
CALL CROSST (GAX19CAXZyGAY1,CAYZIDENA,DFHIAALFHA KL HA2) 4

CALL CROSST (GiX19CGHX2,CUYL9GBY2, IDENT yDPHIK9ALPHAZHELHE2) T

C . WRITE (&y715) ITINES .CAXl,bAXZ,GAYl GAY2,CEX1,GEX2 yGEYLGEY2, 48
C. 1 "'Alrl‘hdvl"ﬂl."BC 4

C715 FORMAT ('C CON STEP',1€4" IANDIVIGUAL TERNS APE-Jlx,12£11.4) Git

) __Cl=CGAX14CAY142.CHEAI-ETAA* (GAX24CAY242.0%HAZ)  _ . . . 4aC
; C2=CBX14CRY 142 JCHEB1-ETAB2* (GEX2+CuY2+24 C¥HE2) _ 4
Cl1=2.C*PSTA*(VX1#(GAX1+KAL)~ETAA23VXRX [GAXZ+HAZ)) d

o L12=2.0%PSIA%(VYY*(CAY14HAL)-ETAA2RVY2R(GAYZ+HARYY !
v C21=2.CH¥PSTE#(VX1F{CEN1+FB1)~ETAB2#VX2% (G3X24H32)) H
: C2Z=2.C*PSIEX(VY1#( COY14+ES 1)-ETAS2FVY2% (GBY24HB2)) :
L ___WRITE (£&,713) €1,C24011,012,D21,022  _ . I 18

CT13  FUKMAT (' WIRKING VARIABLES ARE 1/1CX,6E12.41 44

CET=011*C22-L12%021 ‘ 4(;

X1 _=(C1%02z-C124CZ)/CET ,
QY1  =(L11%C2-C1%D21)/DET . {
- CX0=1./TFLEXC4QX1 , o - :
QYC=1./TRCEYC4QYY _____ __ o e e e o i
THLEXC=1./9X0 : _ !
THCEYC=1./0YC ;
e WRITE (6,7714) TFDBXC,THDBYC,QXCoQYCoCX1oCYY _
T 7714 FUPMAT (' CEBYE TEMPERATURESY32F11.595X,4E14.5) '
IF (THLDXCoLFo2Ce oURe THDBYC.LE.2C.) GC 1C 501 '

v 1F {ABS{GX1/0X0)oLEeeCCLCY +ANDe ABSI2YL/CY()oLE..00C01) GC TC 510
500 CCNTINUE 44
501 ENLCA=(CAX14CAY14Z.C¥FA1)/(CAX24GAY2+42. C*HA2)

_ENCE={ CEX14CLY14Z.0%H 1)/ (GIX2+463Y2+2. CoidR2)
THRIVE (€,7719) ETAAZ,ETAB2 4 ERDAERDB '
© TT1S FGRNAT ('C CCNVERTENCE UNSATISFACTURY®45X%,4F10. 6)
4502 CONTINUE_
CU TO 55¢ A _
C #% CALCULATE RATIGS USING FINAL PARAMETER VALLES . 4

e Em eeieamen. e tmeste amw b Emesi s bemm o o s femmaieteme et e eme  m e e es Bam cmea
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FORMESY G

510 CCNTINUE ‘ 40°
ENCA=(GﬁXl+CﬁYl+E.C*HA1)/(GAXZ*GAY2+2.C*HAZ) 4G
 ENCE=lCLX14CaY142.0+H31)/(G3XI+E3Y2+2. CHHB2) I 1.0
WRITE (€69721) ETAAZ2ETRAGZ29ENDAYENDS 40!
721 FOKKAY ('C FIRAL=~?," FEXPERIFENTAL RATICS? 415X, 'LERIVEL RATICSY 40
T UTYe2F14.595%02F AeS) R Lt
" 569 CLNTINULE 490
600 G TO 1cCC . . 4¢
869 STOP e e e e
ENC . 4C
FUNCT ION VVLEC(Z} g

\C3% CALCULATES SUMC _FIRST LEKIVATIVE CF THE FIRST CEBYE INVEGRAL AN

C ANOTEER TERily Iefe FEAN SQUAKE DISFLACENMENT

MYLEh=(~3 eUXDEDYEILZ)/23%2 1. C/L2%# 25 (EXFI2)-14L)) =25/ 2%%2)
o UMETUEN i e it e e e e meme
. ENT
. FUNCTION ATLMFS (TEET,1J) 40
€ /ATRESE ARE ThE ATLMIC SCATIERING FALTCRE . ... ... ... B 1A
c TAKEN FROM Lol e TFUMAS AND KeUNEDA  JoCHEMGFHYS.264293, 1657 400
c %/ 40"
C/%  _Zz=48 #+IUNIZED X/ e e e I 1 i
C/* 7=52,° O ICNIZEG %/ 411
C/% LINEAR CUMEINATIGN OF 2=52 AND 2=54 BCTH MNEUTRAL  */ 41
C/% __7=54 _ NEUTRAL _ . . ¥ o e e = I § £
C/% 2=8C  ++ IGNIZEC  #/ ) 411
C7%  .Z=15 NEUTRAL GALLILM %/ . : 41i:
C/%_ _2=1% NEUTRAL PROSPEOROLS */ .. .. .. S
‘C/* Z=8C  MEUTRAL MERCLURY */ i

REAL*4 SCFAC (21,8} : 41.:

o REALRG CCICZY) /. e e e s ns menm AU, § 15

Bl6 o0y 45 ab294206Cr 41043938 066935064933.22920488,28.83927.00925.35,41";

£23uE3922e4392101692CeCCs28e66917055917010916428,15.52914081914.100410
.  A13.56112.5G,12.46911.5T911.51911.C7,1Ce06,10.28,9.92/7 41}
o, REAL®4 CCZ(31) / 41 ¢

b52.CC.5].CC,46.4C,4§;13.41.§2.39.C1,36.35,33.90,31.67129.68,27.87,41j

 h26422924e71923435922.1092C455,150E9912052418403417.201416.42,15.71441

A1C.05914.4291246491303Cy12.75912351911a88911e44,11.04/ 41&
REAL*4 CC3(21) / 41

_A§9.ﬁ0,52.52,ﬁC.C6946.55.43.2C.40.12137.3C.34.69,32.33,30.22.23.30,41}

 A15.80915415,14454912.67913.44912.54912.47412.03,11.61/

A25.54,24.94,23.50'22.17,20.95,19.99.13.92r18.03,17.20,16.42,15.71,41f
A15.G5gl4.42,13.84'13.3C,12.79,12.31,11.8&,11.44.11.0%/ 41.

LT OREM.*4 LC4(21) /. J4d.

AE GOy 52e5Ty 50327 6aSErhTaCErhCatTs37453235439933.05931402929.1541,
ﬁ27.44, 25-27' Etl 046’ 23.1&'21.€L'2C. &(J’l'ﬁ. 65 11&. 92'18.05 ’17.2‘{9'1604?11’1:
: AL
REAL#4 CCS(31) 7 41;
ATELCCy 77129 14et5yT1a05,6€eGC1E2aT1 158475 955425,52.05949.13945.41,41L

o A43.9Cs 412590350479 27053735.73934.C6932.52,31408,29.74923.4092703544 1

AZb.ZE,25.22,24.27,23.37,22.52.21.72,2C.E7,2C.26,19.59/ 41.
REAL*4 DCG(21) / 41.
“._AZQ.CG.ZI,?C.2£.€4.25.52.23.90.22.14.20.39.18.76.17.30.16.03.14.93,41:
A13.94.13.11,12.33,11.61.10.94.10.33,9.78,9.29,8.33'8.40,5.01. 41,

AT b4y .21,é.QE.é.?C.é.43.é.17.5.€4.5.71,5.50/ 4]

L REAL®4_CCT(2Y) /o O . . 3 &
AlS.GC.14.41.12.17,ll.tég1C.34.€.33.8.4S,8.02,7.54,7.54, 41
A6.67,6.67.5.83.5.83,5.C1.5.02.4.28,4.28.3.64.3.64.3.11.a.ll. 41;
e G=24 e I
- . - . Fi]

X

' :

g



roRM st o

 AEDeCCs 18 9T a2 g TCa9CrECablbZa6295E0E41955.30952.06949,11,

819427 4

3

B2e6592e€512¢3592e35912e1C9241C11eETy1e6S41e757 41:
REAL*4 CLE(31) /

A45 .40 43e€S541e7C33S04E937.54935.73 9324, G6932.52431.08425e T4y

P2CatCy27e3392€025925%e72924027923e279224 52,<1 72 9209732026,

LG 1 1=1,21
SCFAC(U I, 1)=001 1)
_SCFACL1 2= Cl;z(l)
SCFAC(1,3)=C02(1)
SCFAC(I,44)= Lla[i(l)
1
1)
1§

SCFACKT,5)=C05(
SCFACUTy E)=Coel
SCFACU I, 8)=LDEL
_.SCEACI1,7)=LDT(]) o
REAL®4 THETALZCC ), INTEN(ZCC) REDINT(ZCE) ywT1200) ,REGCLE (20660 7 41«

INTEGER F1(2CC) HZIZCC) s H3(2CC) 1 TYP(2CC) JNTYPE (3) /3307 4]¢
_COMMCI. /WAVELN/FLANBD o ~ I 1.
TPARAMSSINCTHETY/ZFLANBD _ 41:

IF (PARA#«CEeCoC oANDe PARAMJLE.1.5) GC 1C 200 41¢

o WMRITE 08,1210 TRETA 4l
121 FCRMAT(Y1  ATCHIC SCATTERING FACTCR TABLE TS INSUFFICIEM FCR' 41

1 ' THETA =',F8.3) 41!
e 2STCP U 3
260 ISUE=PARAM/.CE 418,
PLPEA=PARAM/ LS = FLOATLISLB) 41:

e AIDMFC=((SCFAC ISUG+1y 1J))%% (1. C~ALPHA) 4 ( (SCFACTISUB42,TJ))#%  41%)
1 ALPHA) . _ 41:.
RETURH : : : : 41¢:
ENE _ TR 3 T
SUBRDUTINE CMPLXF (1,THETA,FLAM,FZERC FRAGyFPHASEY 4147
C#% CISPERSIVE PARTS DOF THE SCATTERING FACTCR ARE LINEARLY INTERFCLATECAYL::
C_____FRCM TAELES IM THE CpYSTALLCGRAPHY TABLES FCR MC-RACIAVICN ARL 410!
c TEEN COMEINEL ¥ ITH THE ZERU-CRDER PART,FZERC, ANC THE MACGNITUDE 41¢|
c ANC PHASE RETURMED. 41¢:
J;____NYGLuﬁsuﬁﬂf.EBCM.,JNIQKSATXUNAk“lﬁBL§§_§E.EZR#X-QRY§Ia_.“.-.____,-_41Q
[ 111 P.21% C . 41
c TEEY ARE ARRANGED TE,HG,.P,GA 41"
LREMLH¥S4 FR(493) _/=eSymeT9=eb1=2e69=2eS9=3eCy_ . 4l

r A " CelyCelyCelyCe2yCa2sCa2/y 41¢
b 1 FI0hy4) /24292eCy1e€910592Ce691Cel99e719.0, 41¢

"f A e -0029Cel1Cel1CelyleTsle€rlebelaS/. - AL

: FKAP=SIN{TFETA)/FLAM 41
_IF {FKAP.GE<D.0 JAND. FKAP.LE.C.6) GC 1C 110 417
___IF__.(”FKAPOGEQ()oﬁ .AND. FKAP.LE.COS,>GE .IC _12_0__‘ [ e e 41

; IF (FKAPGE.0G+C +AC. FKAP.LE.1.3) GC TC 13C 41°
f WRITE (€4213) TFETA,FLAM ' 41"
213 _FOPMAT (* TCO LARGE FOR_TABLES IN CMFLXF,32E12.4)__ . . .. 4Yv

"~ STCP : 41

110 FIMAG=FI(I,1)4+{FIlI42}-FI{I,1))%FKAP/C.& : 41
—_._.€O TD 12F . 1T
120 FIMAG=F1{I1,2)4(FILI,3)=FI(1,2))% (FKAF-C.0)/{0.5-C. 6) 41.

T 125 FREAL=FR(Iy 1)4(Fh(I92)=FR(I,1}}%FKAR/C.S 41.
: CC. TG 2CC __ .. SURRTTR. P

130 FIMAC=FII 1,204 (FI0144)=-FI(143))% (FKAP=C.9)/{1.3-0.9) 41

FREAL=FRUT)2)4(FR(192)=FRI1,2) )% (FKAP~CeS)/(1e3=0e9) 41
e e e el e e |
i :
: G-25 e e f
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1
200 FMACESCRT{(FZEROHTRFAL )X Z+FINAGH22) 41

FPHEASE=ATANIFINAG/{F2ERCHFREAL)) 41
. o __NRITE_(€4227) FZLiD,FREAL,FIMAG.FMAG,FPHASE 4y
| . 227 FORMAT (% SCATTERING FACTCRS?,5F12.6) : 41

! RETURN 41

ENC ORISR B &

SUBKOUTINE CAOSST (CAX1,CAX25GAY13GAY2 s IDENALCFHIA,ALFRA,FAL RAZ) 41

C #% THIS SUSHOUTINE CALCULATES THE CRCSS TEKM IN THKE INTERSITY 41

. € EXPRESSICK (INCLUCING LISPERSIVE EFFECIS). _THE FCKM CF THE 41

: c EXPRESSION CEPENNS ON IDENA 41

§ CATA ITUENC, JICENE, IDENR /707, 'E1, 'R/ _ 41"
IF_{ICENALEGLIDENE) GU_TD 4l1C Al

IF (ICENALEQ. IUENO) GU 1C 42C 41

IF (ICENALECLIDENR)Y GO TO 43C 41t

— . STCP 4¢C¢ RS § 3

7410 EA1=SQAT(CGAX1¥GAY1)#CGS(CPHIA) 42:

_ . FA2=SQRT( CAX2%CAY2)*CCS(DPHIA) 42z
' —__.L0_T0 450 e et e ot e e o oo < e i A2
420 hAL=~SRET(GANI*CAYI)#CCSIOPHIA) 42

' PAZ'-SQAT(GA\Z*CAYZ)*CGC(DPHIA) 42
—.LC TO 45C e e e 20

430 FRAl= buHT(LAAI*GAYL)*SIN(DPHIA)*(Z C*ALPHA-1.C) 42:
HA2=SGHRTLGAXZ*GAYZ )5 SIN(CPHIA)* (2. C*ALPHA-1.0) 42.

G . S0.TU 4ASC_ . A2

" 450 CONTINUE : 421

RETURN , 42

———— ENC e e e+ e e e+ e+ e e A2

FUNCT IGN DEAYELLY) , 3y

‘C**FUNCTICN TO CALCULATE THE DEBYE INTEGRAL CF CRDER 1 CIVICEC EY ThE 39

€. ARCUMENT WEICK IS_COMFONLY CALLED PHI_IN LATTICE CYNAMICS - - 39,

X=Y 39..

IF (X) 1CCy2CCy2CC 36

~100 WRITE (6y222) S OPRN-

7222 FGRMAT (' NEGATIVE ARG IN DEBYE1") 39

s$Tae.. 39:

2200 IF {X=14C) 10CCs2CCCe2CC0 o o 3y

1000 Fl=1. ££écc6667D—1/(3.L*¢.C) - 35

© F2=-2.233323322D-2/(5.C%24.C) 39

e ___F3= +2. 8095Z3€10-2/17.C*4,2042) 393}

o F4=-3.323233322D~2/(G.C¥4.C32CD+4) 39,

L © F5=T.57575757€D=2/{11.C%2, E2EECCD+6) Cd 35
: F6=—z.,31135531cf1/&13.c¢4.79c1eeu+e) N o L 35,
FTI=1.1CEEEEEETEC/I15.CHELEESS2ESED+LC) 3G

CEEBYEL=1oC~X/4oCHF 13 XFRZ4F 2% X3H44F 3% X¥ L6+ FLAR X #BHFSEX 4]0 39|

ol HFCHRXERVAFTEXERLG .. . ... 39

. RETURN 3‘1-;
- T 2000 ZETAZ=1.644934CE6E4E822¢€ 35
e _.SUM=C.C  __ e e e e e e e L 39

" LG Z1CC K=1,25 = 39!

IF (K*X.GT.15.C) GO 10 22CC 39’

2100 _ SUNM=SUM+EXP (=k%X ) /K##2 - 12

22GC CELYEL=ZETAZ/X+ALGG{1.C~EXP(=X)1-SUNYX '

RETURN - 3%

__ENC . OO 1%

$CATA 42

EC 186.0 81.0 12z.95 6&.54 1167.83 5(C8.5810913.50 2361.59 0.0
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EC 290.0 133.C
EC 29&.C 125,0C
EC_18u.0,
FC 18¢.2 £1.C
EC 298.0 @ale.C
EC 298.C _2l1.G
$5TULP

/3

81.¢C

£2.C¢
§2.22

E2.C8

E0G.542251C.11
€6.54 1732.5¢5
66 .5442462.55
£F2.32 Cb.S54 5S2C.32
52.06 ¢€6.542251C.11
_82,32__£C.54 1732.55

278.ET42482.99 5C8.58 0.0
27E&T 562C«23 5C3.58
502.567580L4.56 2361.59 V.
508.5523533.14 2361459 0.0
278 6TT5LE4.985 2361.59

278.€7235863.14 235155 0.0_ _
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F3 FOURIER

Pages "92" through "94" describe a subroutine for calculating
Fourier coefficients using Romberg integration. Pages "95" and "96"
contain listings of the main program and required subroutines. Data

is listed at the bottom of page "96," and required output is shown on
page "97."
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EXAMPLE 2.2
FOURILER COLEFFICIENTS USING ROMBERG INTEGRATION

Problem Statcment &

Write a general-purpose subroutine named TROMB
that uses the Romberg integration algorithm outlined
in Section 2.7 to evaluate numerically the integral

b

[ @) dx @2.1)

*a
where f(x) is any single-valued function and a and b arc
finite. The program should first use the wapezoidal rule
with repeated interval halving to determine Toq, Ty0 000
Tx,..a from (2.52a) and the rccursion relation (2.53).
Then the Komberg sequences {7 ;} should be computed
from the general extrapolation formula (2.61) for all

J L Joux- The Romberg Tableau should be org: mricd as -

iNustrated in Table 2. l

To test the subroutine, write a general purpose program
that calls on TROMB to cvaluate the coeflicients of the
Fourier expansion for any arbitrary function g{x),
periadic with period 2z, such that g(x) = g(x -+ 2kn) for
integral A. The Fouricr expansion may be written {14]

o w
gix) = Y cpcosmx 4 3 d,sinmx, (22.2)
m=0 = -
where

1 14

€= — j g(x) cos nmx dx (2.2.3)
n ~-g
1 )

d, = - j g(x) sin mix dx. (2.2.4)

Write the program so that the cocflicients (c,.d,) arc
calculated in puirs, for m1=10, 1, ..., M-

As a test pcriodic function, g{x), use the sawtooth
function of Fig. 2

&{x}

"“'E

Figure 2.2.1 A periodic sawtooth function.

Method of Solution

The subroutine TROMB is a straightforward nnpluncn-
tation of the trapezoidal rule of (2.52a), ’

G-29

Toa = (b — a)lf(a) + S (D)]/2,

followed by repeated interval halving using the recursion

relation of (2.53),
1y (b—a)?' ! (”“'“)
Tha=5{Tv-10+ =57 Zf(' TN )1'
2 2 J
Ai=2
fOl' Ne= ]) 2: vy Nruax'
formulu of {2.61),

The Romberg extrapolition

-4‘i-lT~+|.j-l ~ T 1
47—

N

k]

is then employed forj= 2, 3, . ., juaw With N =0, 1. .,
N,.x —J+ 1, to fill out the remaining ¢lements in the
first j,,.. columns of the matrix 7.

The integrands for the integrals of (2.2.3) and (2.2.4),

© fx) = [g(x) cos mx][=,
JAx) = [g(x) sin mx]/m,

are cvaluated by the functions FUNCTC and FUNCTD,
respectively, defined in onc multiple-entry function. The
periodic function g(x), which for thc suggested function
of Fig. 2.2.1 is given by

(2.2.5)
(2.2.6)

g(x) = x, (2.2.7)

is also defined in the multiple’entry function.

From (2.2.4), it is clear that for all g(x), do = 0. For the
periodic function of (2.2.7), the coeflicients ¢,, and d,, of
(2.2.3) and (2.2.4) may be found.analytically, and are
given by

n
= —I-J- x cos mx dx =@, m=0,1,... (2.2.8)
- .
1 2 2 m
d,= - f‘_’r). sin mx dx = — —cosmn= — n—l(-—l) :
m=1,2,... (2.29)

Then the Fourier expansion of (2.2.7) is

sin 2x + sin 3x
2 3

glx)=x= 2(sin X - - ) . (2.2.10)
Inthe programs that follow, all ¢, and d,, arc evaluated '

for m=0,1, Mpx- The Romberg tableaus for ¢,

and d,, are slorud in the matrices C and D respectively.



Example 2.2 Fourier Cocfficients using Romberg Inteyration

Flow Diagram
Main Program

”’lnﬂ.ﬂ

v m=0,1,

Compute clements of Romberg

maxe

N
jr-ml’

Y

Tableaus Cy;, Dy =1,2,..., juse
N=0,1,.., N —~J+ 1, where

l n
Cyy= = j_ ¥y dx=c,

G’g
7o
s
A

N
. ')jma.\’

N=0,1,... Ny —j+ 1

~_

Functions FUNCTC, FUNCTD, G (Argument: x)

4{x) cos mx

{ fc‘—"—_'_

i3
(Function G)

g(x) sinmx

-
j; n

(Function G)

ot

Subroutine TROMB (Dummy drg,umcnts Npaxr @ By 3 Ty Jraaxs 13

l x
Dy =~ f {9 dy=d,

(Subroutine TROMB)

~

calling arguments: N,,., -7, n, FUNCTC or rUNCTD C OF D, jroxs 1)

Ty = 222 U@ + 700

T e v S tma e ed St e ey Gy o g T e Gry e e me saw —

1 Ty <0

G-30

r
5
} I /N = 01
‘ ') mut
i
N 1
'
b . A Tyi i1 = Ty Tyoya  (—a), . (h--a)
: : Tyj« \:;iljx__il : T.\fl*‘—"“z‘—'*‘—z‘.ﬁ“""rn Tm“_f.vl'*'f( +*—5_1-“—f)
!
]
{
[

93



94 . Numerical Integration

FORTRAN Implementation

List of Principal Variables
Program Symbol Definition

(Main) ) o -
C. D} Matrices C and D, containing the Romberg tableaus for ¢, and d,,, respectively,
J Column subscript for tableavs, j.
JM Maximum cojumn subscript in Nth row of tableau.
JMAX Jmaxs BUMber of columns in tableau.
M 4 m, index on Fourier cocflicients ¢, and 4,
MMAX Mgy maximum value of m,
N Row subscript for 1ableaus, M.
NMAX Nppaye maximum value of N.
NNMAXP1 Npox + 1.
Pl : .
MMAXP1 Py + 1.
MPLUST - m+ 1.
(Functions e
FUNCTC,
FUNCTD, &
. G) -
. X The variable of integration,.x.
{Subroutine
TROMB) ,
A, B - Lower and upper limits of integration, a and b,
F e The integrand function, f.
FR (b ~a)2".
FORJM1 - 4771,
H b—a
! i, index on repeated sum of (2.53).
IMAX 2V, -
NRC n, number of rows and columis in tableau 7.
NXMJP2 Npox —J + 2. ‘,,’
Tt Maltrix containing the Romberg tableau, T.

1 Because of FORTRAN limitations, the row subseripts of the
text and flow dingrams are.advanced by one when they appear in
the program. IFor cxample, N assumes values 1, 2, ..., Nowxr + 1,

so that To 3 = T(1, 1), Thmar,s = T(Nmax + 1, 1), cle. ,

1
i

El{l\C - G-31
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Example 2.2 Fourier Cocfficicnts using Rombersg Integration

Program Listing

Muain Program

AN ONOO0ON

100
200
201
202
203

END

APPLIED NUMERICAL METHODRS, EXAMPLE 2.2
FOURIER COEFFICIENTS USING ROMBFRG INTEGRATION

THIS TEST PROGRAM CALLS ON THE SUBROUTINE TROMB TO COMPUTE
THE INTEGRALS NECESSARY TO OETERMINE THE -COEFFICIENTS

OF THE FOURIFR EXPANSION FOR A FUNCTEON G(X) ON THE
INTERVAL (-P1,Pl) WHERE THE FUNCTION (S PERIODIZ FOR ALL

X SUCH THAT G(X) = G(X + 2+K+P1), K BEING AN

INTEGER, THE FIRST MMAX COEFFIGCYENTS OF THT COSINE AND .
SINE TERMS (THE C(M) AND D(}M) OF THE TEXT) ARE COMPUTED
USING THE TRAPEZOIDAL RULE WITH REPEATED INTERVAL HALVIHNG

FOLLOWED BY THE. ROMBERG EXTRAPOLATION PROCEDURE, THE ROHBERG.
TABLEAUS FOR C(14) AND D(M) ARE STORED IN THE UPPER TRIANGULAR
PORTIONS OF THE FIRST HMAX+1 ROWS OF THE FIRST JMAX COLUMNS OF

THE C AND D MATRICES RESPECTIVELY. FOURIER COEFFICIENTS
FOR ANY ARBITRARY PERIQDIC FUKCTION CAN BE FOUND BY DEFINING
G(X) APPROPRIATELY (SEE THE FUNCTIONS FUNCTC AND FUNCTD).

IMPLICIT REAL+8{A-H, 0-I)

DIMENSION C(20,20), D(20,20)

EXTERNAL FUNCTC, FUNCTD

COMMON M,

DATA P} / 3.14153926535898 / "

ees.s READ DATA, CALL TROMB TO COMPUTE INTEGRALS ,....
READ (5,100) MHAX, NMAX, JMAX )

WRITE (6,200) HMMAX, NMAX, JMAX

MMAXP1 = MMAX + 1

D0 3 MPLUSI=I,MHMAXP1

M = MPLUS] -~ 1

CALL TROMB( NMAX, -PI, Pi, FUNCTC, €, JMAX, 20 )
CALL TROMB( NMAX, ~-P1, Pf, FUNCTD, D, JMAX, 20 )

ve... PRINT OUT ROMEERG TABLEAUS .....

WRITE (6,201) M ’

HMAXPL1 = NMAX + 1

DO 2 N=1,NMAXP1

JM = JMAX

IF ( N.GT.NMAXP1+1~JMAX ) UM = NMAXP1 + 1 - N
WRITE (6,202)  (C(N,J), J=1,dH)

WRITE (6,203) M

DO 3 N=1,HMAXP1

Ji = JMAX :

IF ( N.GT.NMAXP1+1-JMAX )  JM = NMAXP1 + 1 = N
WRITE (6,202)  (D(N,d), J=1,UM)

GO T0 1

veos. FORMATS FOR INPUT AND GUTPUT STATEMENTS .....
FORMATC 7X, 13, 2(12X, 13) ) '

“FORMAT( 8HIMMAX = , 12/ 8H NMAX = , 12/ 8H JMAX = , 12 )

FORMAT( 1HO/ 1HO,9X,2HC(,12,1H}/ 1H )
FORMAT( 1H , 1P7E17.8 ) ’
FORMAT( 1MO/ 1HO0,9X,2HD(,12,1H}/ 1H )

'

Functions FUNCTC, FUNCTD, G

QOO0

FUNCTION FUNCTC{ X )

THE FUNCTIONS FUNCTC AND FUHCTD COMPUTE RESPECTIVELY THE
INTEGRAND FOR THE M{TH) COEFFICIENT OF THE COSINE AND SiNE
TERMS OF THE FOURIER EXPANSIOM DF THE PERIODIC FUNCTION
G{X) = X.
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96 : . Numerical Integration

Program Listing (Continued)

c _
IMPLICIT REAL*8(A-H, 0-2) !
REAL+8 X, FUNCTC, FUNCTD
COMMON M
DATA Pi / 3.141582G6535898 /

c !
c ve... DEFINE PERIODIC FUNCTION ,....
G(X) = X
c _
FUNCTC = GC(X)*DCOS(FLOAT(M)*X) /Pl
RETURN
¢ ’ !
EHTRY FUNCTD( X )
FUNCTD = G{X)*DSIN(FLOAT{M)*X)/PI
RETURN
c
END
Subroutine TROMB
! .
SUBROUTINE TROMB( MMAX, A, B, F, T, JHMAX, NRC )
¢ . :
c THE SUBROUTINE TROMB FIRST APPROXIMATES THE INTEGRAL OF
c F(X)}*DX ON THE INTERVAL (A,B) USING THE TRAPEZOIDAL
¢ RULE WITH REPEATED IMYERVAL HALVIHG., T(N+1,1) IS THE VALUE
c OF THE INTEGRAL COMPUTED AFTER THE M({TH) INTERVAL-HALVING
c OPERATION, ALL T{N+1,1) VALUES ARE COMPUTED FOR N = 0 TO
c N = NMAX. H IS THE LENGTH OF THE STARTING UNTERVAL (A,B8),
c REMAINING ELEMENTS OF THE ROMBERG TABLEAU ARE THEN ENTERED
c INTO THE FIRST JMAX COLUMNS OF THE FIRST NMAX+1 ROWS OF THE
[ MATRIX T, ™ : ' :
C : ‘ .
IMPLICIT REAL=8(A-M, 0-2)
REAL*8 A, B, F, T
DIMENSION  T(NRC, NRC)
c S . .
c eese. COMPUTE H AND FIRST INTEGRAL APPROXIMATION .....
HeB -4
TC1,1) = (F(AY- '+ F(B)Y«H/2,0
Cc . . .
c vee.. HALVE INTERVAL REPEATEDLY, COMPUTE T(N+1,1) .....
DD 2 N=1, NMAX -
CT(N+1,1) = 0.0
FR = H/2.0e%N
{MAX = 2¢sN = 1 T
D01 1 o= 1,(MAX,2
1 TCM41,1) = T(N+1,1) + FCFLOATCI)*FR + A) :
.2 TC(N+1,1) = T(N,1)/2.0 + HeT(N+1,1)/2.0%+N .
c .
¢ eves. COMPUTE ROMBERG TABLEAU .....
DO 3 J=2,JMAX
HXMJP2 = HMAX = J + 2 v S
FORJML = &, 0¢x(J-1) ’
DO 3 N=1,NXMJP2 ! -
5 3 T(N,J) = (FORJMLeT(N+1,d-1) = T(N,J=1})/(FORUMI - 1,0}
‘RETURN
c .
, END
Data )
MMAX = 10 NMAX = 13 JMAX = 7
] : S
"\‘1 . : G-33
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F4 EQNS

Pages "302" and "303" describe a program for implementing the Gauss-
Seidel method for solving a set of n simultaneous linear equations. The

program listing is on page "304." Data and partial output is shown on
page '305."
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EXAMPLE 5.3

GAUSS-SEIDEL METHOD

Prohlem Statenent

Write a program that implements the Gauss-Seidel
method, described in Seetion 5.7, Tor solving the follow-
ing system of » simultancous lincar equations:

AN+ ANy A AN =y a0

R YR S PER SIR i ol (YR Wy F S

. . .

- : : (5.3.1)

0,,,-\', + (lnlxl +ooe + ann'\.n = an.n+ 11

in which the @;; are constants.

Method ol Solution

In order to reduce the number of divisions required
in- the caleulations. the cocllicients of (3.3.1) are first
-normalized by dividing all clements in row / by a;,
i=1,2,...,n, to producc an augmented cocflicient
matrix of the form

1 ay, ay;

'
Tyn LTS
ay; 1 ay v a :
1

e @amer i (63 9)

. .

¢ 4 ¢ e ’
gy Qy2 nnS au,n+ | 0

where a;; = a;;la

In terms of this notation. the approximation to the

solution vector after the Ah iteration,

Xp = [Xyp0 Nopy oo X1,

302

O
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is madificd by the algoritlan

i=1 n
. — e e
Niptt =0inyy — Z QijNjr+r — Z a;xji (3.3.%,
j:] = 41

.

=1,2,...,n
to produce the next.approximation

- — " « . i
Xa = [N pe 1 Yakwge oo Nagan

Since, in the Gauss-Scidel method, the new values
X;a+3 replace the old values x;, as soon as computed,
the iteration subscript & can be omitted, and (3.3.3
becomes

. — ’ .-—
X;=al,4, — Z aix;  i=1,2,..,n0, (534

in whicl the most r'cccntly available x; values are alwa:
used on the right-hand side. Hopefully, the x; values
computed by iterating with (5.3.4) will converge to the
solution of (5.3.1).

The convergence criterion is

I.\',-'k.,., - X,-,..[ <&, i= l, 2, caey Ny (5.35)

that is, no element of the solution vector may have its
magnitude changed by an amount greater than ¢ as i
result of one Gauss-Scidel iteration. Since convergence
Mmay not 6ocur, an dm.r.m.llm‘thc wnber of iterations,
k,.0x 18 also specified.



. Example 5.3 Gauss-Seidel Method : 303

Flow Diagram

", j‘.mn.\" £,
@—_—' Gpge soes (’"‘,,,1. ) ”*"'u” )
Nye venn Xy A *
] |

T U |

()..
flug « 1 -t - |
S 1 ”*

XF 4

“No con-

i
!
| .
|
" 'I‘ PR TLIL
Npe= iy = Y X ®—” Slag + 1 ®—"“ ;\’ug,-.nu.
A= ’
' A

Ji

Xy eeny Xy

SJlug <0

FORTRAN fmplementation

List of Principal Variables
/

Program Symbol Definition ,

A n % (i + 1) augmented coeflicient matrix, contuining elements ;.
ASTAR, XSTAR Temporary storage lociations for elements of A and X, respectively.
s Toleriinee used in convergenee tesl. €.

FLAG

A Mg used in convergence testing; it has the vatue 1 for -successful convergence, and the -
vilue 0 otherwise.

ITER _ lterstion counter, k.

IAX The maximum number of itertions allowed, &,

! ' Number of simultancous equations, .

iRl
< Veetor containing the elements of the current approximation to the solution vector, X;.

f El{lC 637
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304

Program Listing

OOOOOOOOOOOO

e XeNe)

100
101
200

201
202
203

204

INY

Sysicins of Equations

APPLIED HUMERICAL METHODS, EXAMPLE 5,3
GAUSS-SEIPEL ITERATION FOR N SIMULTANEOUS LIMEAR EQUATIONS,

THE ARRAY A CONTAINS THE N X W+l AUGMFRTED COEFFICIENT MATRIX,
THE VECTOR X COKNTAINS THE LATEST APPROXIMATION TO THE SOLUTION,
THE COEFFICIENT MATRIX SHOULD BE DIAGONALLY DOMINANT AKD
PREFERARLY POSITIVE DEFINITE, FTMAX 1S THE MAXIHUIM NUMBER OF
ITCRATIONS ALLOWED. EPS 1S USED IN CONVERGENCE TESTING. N
TERMINATING THE {TERATIONS, NO ELEMENT OF X MAY UNDERGO A MAG-
NiTUDE CHANGE GREATER THAN EPS FROM ONE (TERATION TO THE NEXT.

EGER FLAG

DIMENSION A(20,20), X(20)

sae

+« READ AND CHECK INPUT PARAMLIERE,
COEFFICIERT MATRIX, AND STARTIMG VECTOR .....

READ (5,100) N, (THAX, EPS

WRI
NP2

TE (6,200) N, 1TMAX, EPS
=N+ 1

READ (5,101) ((A(1,4), 4 =12, NP1}, | =1, N)
READ (5,101) (X(1), I =1, N)

Do
YR
HWR

“ee

Do

2 L =1, H
TE (6,201) (A(1,d), Jd = 1, NP1)
TE (6,202) (x(1), | =1, i)

+» NORMALIZE DIAGONAL ELEMECNTS IN EACH ROW ,.,..
3 1 =1, N

ASTAR = A(l,1)

Do
Al

0o

3 J =1, NP2
(J) = A(L,JI/ASTAR

;. BEG!N GAUSS-SEIDEL JTERATIONS .+.asa
9 ITER = 1, {THAX

FLAG = 1

bo

7 L =1, N

XSTAR = X{I)

Xt

DO
AF

) = AlL,NPY)

»» FIND NEW SOLUTION VALUE, X(1) .....
5 d= 1, N :

(I ,EQ..J} GO TO 5

XE1) = X(1) = ACL,J)exX()

CONTINUE

“ o

.+ TEST X({) FOR CONVERGENCE .....

IF (ABS(XSTAR - X(1)} ,LE. EPS) GO TD 7
FLAG = 0
CONTINUE
tF (FLAG ,NE. 1) CO TO 9 .
WRITE (5,203) (TER, (X(1), 1 = 1, N)
G0 T0 1
CONTINVE
vasss REMARK IF METHOD DID NOT CONVERGE .....
WRITE (6,20k) ITER, (X(1), t = 1, N)
GO0 70 1
«sse0 FORMATS FOR {NPUT AND OUTPUT STATEMENTS .....
FORMAT (6X, 14, 16X, !4, 1kX, F10.6)
FORMAT (30X, 6F10,5)
FORMAT (7281 SOLUTION OF SIMULTANEOUS LINEAR EQUATIONS BY GAUSS-SE

11DE

L HETHOD, WITH 7110, SX, 9HN = 14/

2 6X, GHITHAX = , 14/ 6X, QHEPS =, F10,5/ h?Ha THE COEFFICIENT
3 MATRIX A(1,1)..,A(H+1,HN41) IS)

FOk
FOR
FOR
132
FOR
131

END

MAT (1In0, 11F10,5)

FAT (36H0 THE STARTING VECTOR X(1)...X(N) 1S/ (1HO, 10F10,5))
MAT (35H0 PIOCEDURE CONVERGED, WITH ITER = , 14/

HO_SOLUTION VECTOR X(1)...Xx{H) 1S/ (IHO, 10F10.5))

MAT (16HO KO CONVERGEMCE/ 10HO ITER = , 14/

HO CURRENT VECTOR X{1),..X(N) 1S/ (1HG, 10F10.5))
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Exauniple 5.3 Gauss-Scidel Melhod

Program Listing (Continued)

Data

N = 4 ITHAX = 15 EPS = 00,0001

A(l,1) = 5.0 1.0 3.0 0.0 16.0 1.0
4.0 1.0 1.0 11.0 -1.0 2.0
6.0 -2.0 23.0 1.0 -1,0 1,0
4.0 2.0

x{(1) = 1.0 2.0 3.0 4.0

N = 4 ITMAX = 15 EPS = 00,0001 -

AC1,1) = 5.0 1.0 3.0 0.0 16.0 1.0
4.0 1.0 1.0 11.0 -1,0 2,0
6.0 -2.0 23.0 1.0 ~-1.0 1.0
L.0 =2.0

x{(1) = 50.0 50.0 50.0 50,0

N = 6 1TMAX = 50 EPS = 0,0001

Al1,1) = 4.0 -1.0 0.0 -1.0 0.0 0.0

100.0 -1.0 4,0 -1,0 0.0 ~1.0

0.0 0.0 0.0 -1.0 4.0 0.0
0.0 -1.0 0.0 -1.0 0.0 0.0
4.0 -1,0 0.0 100,0 0.0 -1.0
0.0 ~1,0 5,0 -1,0 0,0 0.0
0.0 -1.0 0,0 ~-1.0 4,0 0.0

Xx(1) = 0.0 0.0 0,0 0.0 0.0 0,0

Cowmputer Qutput

Resulis for the 1st Data Set
SOLUTION OF SIMULTANEOUS LINEAR EQUATIONS BY GAUSS-SEIDEL METHOD, WITH
N =y '
ITHAX = 15
EPS = 0.00010
* THE COEFFICIENT MATRIX A(1,1)...A(N+1,M+1} IS
5.00000 1.00000 3.00000 .0 16.00000
1.00000 4.,00000 1.00000 1,00000 11.,00000
-1.00000 2.,00000 6.00006 -2,00000 23,00000
1,00000 ~1.00000 1.0000C  4,.00000 =2,00000
THE STARTING VECTOR X(1)...X(N) IS
1,00000 2,00000 3.00000 4,00000
PROCEDURE CONVERGED, WITH |ITER = 12
SOLUTION VECTOR X(1),.,.X{N) 1S
0.99398 2,00000 2,99999 -0,99999

Partial Results for the 2nd Data Set (Saine Equations as Ist Set)
THE STARTING VECTOR X{1),..X{(N) IS
50.00000 50,00000 50,30000 50,00000
'PROCEDURE CONVERGED, WITH ITER = 13
SOLUTION VECTOR X(1),..X{N) 1§
1,60002 2,00060 3.000601 =-1,00001

El{lC G-39
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F5 COMPLEX

This program exercises complex arithmetic and double precision features
of FORTRAN by calculating:

n
exp (iz) = :E ; (iz) k/k!

k=0
for several values of z=x+iy and n.

Variables:

Integer - NTERM=n-delimits the number of terms used to obtain
the estimate
NARG - the number of z values used

Complex arrays ARG - z values
EXPIZE - estimates of exp (iz)
EXPIZL - library function values of exp (iz)

EULIZ - values of exp (-y) (cos x+isinx)
SQRTEZ - values of [exp(iz)] 1/2
LGEXIZ - values of LOG [exp(iz)]

Double precision arrays - EXPYL - library function values of exp (-y)
EXPYE estimates of exp (-y)

F5 C@MPLEX

DIMENSI@N ARG(30), EXPIZE(30), EXPZL(30), EULIZ(30), SQRTEZ(30)
DIMENSI@SN LGEXIZ(30), EXPYE(30), EXPY(30)

CYMPLEX Z, CSUM, CTERM, ARG, EXPIZE, EXPEL, EULIZ, SQRTEZ, LGEXIZ
D@UBLE PRECISION Y, SUM, TERM, EXPYE, EXPYL

READ 800 NTERM, NARG, (ARG (I), I=1, NARG)

DO 20 J=1, NARG

TERM=1.

SUM =0. , -
CTERM = (1,0) ' '

CSUM = (1,0)

Z = ARG(J)

Y = AIMAG(Z)

PO 10 I = 1, NTERM

TERM = TERM*Y/FL@AT (I)

SUM = SUM + TERM

CTERM = CTERM*Z/FL@AT(I)

10 CSUM = CSUM + STERM

EXPIZE(J) = CSUM

EXPIZL(J) = CL®G( (0,1)*Z)
SQRTEZ(J) = CSQRT(EXPIZL(J) )
LGEXIZ(J) = CL@G(EXPIZL(J) )
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EXPYE(J) = SUM

EXPYL(J) = DEXP(-Y)

20 EULIZ(J) = EXPYE(J)*(C@S(REAL(Z)) + (0,1)*SIN(REAL(Z))
WRITE 900 NTERM, NARG

900 FPRMAT (10H N TERMS = 110,20X 8H N ARG = I110)
WRITE 901 (ARG(I), EXPIZE (I), EXPIZL (I), = 1, NARG)
WRITE 901 (EULIZ(I), SQRTEZ(I), LGEXIZ(I), = 1, NARG)

901 FORMAT (/ (6E20.14))

WRITE 902 (ARG(I), EXPYE(I), EXPYL(I), 1= 1, NARG)
902 FORMAT (/(2E20.14, 2D40.30))

800 F@RMAT (2110)

END
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INTRODUCTION

Source decks, test data and IBM job control cards are provided. The
benchmark has been run on a 32K 360 Model 22.

The sequence for running these programs is as follows:
1. Load the file. C2 loads the file. Data, C6, must be preceded
by a new file card. "New file" is punched-in columns 1-7. Data

cards must be in student number order, columns 1-5.

2. Update the file. (2 adds new records to the file, omit the new
file card. Data, C7, is in random order, please do not sort.

3. Print the file. Two passes are made over the entire file print-
ing selected:records. :

4. Copy the Index Sequential File to’ a sequential file using C4, then
sort on position 92 major and positions 8-30 minor.

Cl FILE

This program is designed to aid in evaluation of raw file processing
capability. A file of 10,000 records of 100 characters each should be
generated for use with this program. Files should be blocked 10 records
per block. '
IDENTIFICATI@GN DIVISI@N.
PRAGRAM—-ID. .FILE-PR@CESSING.
AUTHPR. LAWRENCE-MCNITT.
ENVIRONMENT DIVISI@N.
CANFIGURATI@N SECTIGN.
S@URCE-C@MPUTER. ZZZ999.
@$BJECT-C@MPUTER. 2Z22999.
INPUT~-@UTPUT SECTI@N. | :

FILE-CANTR@L. SELECT IN-FILE ASSIGN T# DISK-1.

SELECT @U-FILE ASSIGN T® DISK-2.
SELECT PR-FILE ASSIGN T® PRINTER.
DATA DIVISI@N.
FILE SECTI#N.
FD IN-FILE DATA REC@RD IN-RCD LABEL REC@RD (MITTED
BLOCK C@NTAINS 1000 CHARACTERS.
01  IN-RCD.
02 IN1 PICTURE X(20)
02 1IN2.
03 INV PICTURE 9(10) @CCURS 8 TIMES.
FD  QU-FILE DATA REC@RD @U-RCD LABEL REC@RD @MITTED
BL@CK C@NTAINS 1000 CHARACTERS.
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01  ¢@u-RcDh.
02 ¢Uul PICTURE X(20).
02 gu2.
03 ¢uv PICTURE 9(10) ¢CCURS 8 TIMES.
FD  PR-FILE DATA REC@RD PR-RCD LABEL RECURD @MITTED.
01 PR-RCD PICTURE X (132)
WORKING-ST@PRAGE SECTI@N.
01  START-RCD.
02 START1 PICTURE X(5) VALUE 'START'.
02 START2 PICTURE X(127) VALUL SPACES.
01  ST@P-RCD.
02 ST@P1 PICTURE X(4) VALUE 'ST@P'.
02 ST@P2 PICTURE X(128) VALUE SPACES.
77 I PICTURE 99.
PR@UCEDURE DIVISI¢N.
PAR1. @PEN INPUT IN-FILE GUTPUT @U-FILE, PR-FILE.
WRITE PR-RCD FRYM START-RCD. .
PAR2. READ IN-FILE AT‘END G@ T¢} PAR3
M@VE IN1 T¢ @gUL.
PERF@RM PAR4 VARYING I FR@M 1 BY 1 UNTIL
I GREATER THAN 8. '
WRITE @U-RCD.
G@ T@ PAR2. )
PAR3. WRITE PR-RCD FR@M ST@P-RCD.
CL@SE IN-FILE, $U-FILE, PR~FILE.
ST@P RUN.
PAR4. M@VE INV (I) T@ @UV(I).

-
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C2 CREATE UPDATE

This program will load or update an index sequential file from cards.

. G=45



}
/77 JNR AC OonNnnn c? CRFATFS AND UPDATES AN TNNRECX SEON FILF‘
21 DOPTINN CRTAL

// OHASF (2,8
T eYFEC T Canng

NOINID INFYTIETCATION NIVISIPM, SRI0IN
PROGD AV— [N IC DY,

TTTTAGLAAA AljTHre g RARRRR T T <einin
OO1NAD NEMAPKS, (O2FATES A MEY FI{E [F NATA IF PPECFNEN RAY A SPIOIN
pN1INGN © O SNEWFILFSY raPn, L N SP101D

TTTon106nT T T To ey ISED FOR 2en RY neN £, - - T RRT101n
omarn AEMCHYARK YroCIMs OF S2101Q.

001090 NATF-4? JTTFY, APRIL 26, 1970, SP101O
001100 ENVIPNNYENT DIVISINN, SRININ
ON1TIN TNPHT=NTRNT SEFTINN, SPIN1N
NN1I20 FHLE-CONTRAY o . ) <Qinyn
001130 SFELFCT BAR ASSICH TN *SYSON4® NI T-PECNEN 1442P UNTT, SR1019
nND114N SELFCT DPNTE ASSTIAN TN tSVEANST NI T=PECARN 1403 UMIT, SP101n
_eoNIEn  SELFFY STUNEMT-FTL® ASKIAN TN 'SYSNS2?' DIPSCT-ACCESS 2311 sP101In
0nt160 ACCESS 1S mANAAw SRININ
0N1170 NRCANTZATINN |S [NNEYED sR1NIA
O0VIAe  SYMRNLTC KEY [§ SYMANLIC-IN=-S ___smuote

901190 T TOFECARN KEY 1S [N-nonaTE, - _ SRININ

0N 200 SELERT NFW=FILE ASSIGN TP 3SVS0N9t DIPFLT-ACCESS 2211 UNMIT SRICIN.

: 002010 ACCESS 1S SENUENTIAL <P1010
0n202n NRGAN [ZATIOM TS [MPE YED se10)n
002020 ' BECRAN KEY 1S [N=NEU, CILILE

' 002940 T-n-CONTRAN, S SRio1n.
002050 TARPLY ERBE=TNREX TR CVLNRY AN STURENT-FTLF. ; SR1NYN
002N60 NATA NDIVISIAN, skinta-
002070 FILE SECTINM, ____SR1011
on7?080 £n  one ' : SRININ.
002090 RECNRNING MONE (S F SP10IN
002100  LARFL RECAPD [§ NVITTFEN __SP101N
TTTen21tn T U PATA SECORD TS CHO-LRD, TTTse01n
0n2120 91  CHA=CRND, - ' SRIOLN

002120 02 "In-C1 _PICTIPE 99999, ' sePinin
002140 N2 IN-N1vy-rc1 PICTIRF G, . SP1N N
nn215n N? NAME-C1 PICTUPE X(22), SP101N

« 0N2140 02 C~=DATA PENEZ{NFS NAVE-CY, $P1N1N
092170 B3 SCHRAL=FANESTT ™ BIE YUeE X, XTI
002180 N3 APA-PATMTS-CI PICTHPE 99qvaa, SPIDIN
002190 N3 GPA-HAYRS-C]1  PICTURF 9goyag, SR101N
002700 03 INT-HRS PILTIOF 99ayqq, $P1010
0n3n1oe N3 S=HRS PIGTURE 99y9, SR1010-
001920 01 N-1ST-ENONLIENR-C]  PICTIRE Q99, se1nyr:
LELEG) 07 N-NE-CRANUATIPN-C1 PIC TURE 999, (AT L

= 003140 02 FILVER DICTUPE X, se1nyn
N03050 02 _SF¥-C2 = oI TURE X, $21010
003060 02 AR TYAI =STATIS=C?  PIr TURE X, - 4 Sein(n
0n31n70 N RIRTHNATF-r 3, SPi01n

____00anAo 031 FLASS-STANDING-(? PICTUF XX, seinn
603n0a0 0% RIRTHNATF-C?  BIFTUSE 9a9a, TTTSR1D1N
0013100 N3 A0 CENFFINES BIRTHNATE-(D, seyn)n
003110 g Mn-r2 PICTIRE XX, __seinin
003120 D4 YR=C? PIC TURE XX. SPYrY )
0031130 02 RIPRTH-N RENFFINES RIDTHNATF-L3 PICYIRE gQgaag, AL

{
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0N3140 N2 STATE-CALMTRY-r? PICTURE ¥XX, <pPynln
nn3lsn N2 COUMTY-r 2, sRInNtN
0N AN 02 VISA-r2 L PInTRE X, sPNINn
T e 70T o FILLER RICTUSE X, SRI019
D0318N 0?2 VISA-(? PIC TIPF X. SR1010
no3ran N2 CONFFPEMLE-(2 OICTURE YX, seyn1n
on3onr T PP ADMTSSIPM=STATIS=r2? PIfTUPFE ¥, SPInIN
anson o 02 SEFOMDAPY-STHANL-L? PICTYRE XY, SR1N1Q
nognoo N2 OFROEG-IALLFNAF-C? oIrTNRE 9, _ ALK
T004n30 7 T 02 CDIRSF-NE-STINY-L 2T TPICTURE XX, so101n
004040 0?2 MAYNE-NP=NFORFE=CP  PITCTHRF XY, SRINYN
____0n4anso 0? FILLFR DPICTUPE XX¥YY, §P1019
TTT004060 03 AAVTISIRST 2 T RIF YIIRE Trv <R10VA6
No4nTO 07 FNTOAMOF~STATUHS-G2  PICTUPE X, SE1N1N
___N0GAR0 Q2 HS-fPA-r? PICTU2F oygo, SPI0NN
TTT004090 N2 LNAD-C PIC THRE g2ya, SPIOY0
on410n 02 RESTINENCE-STATUS-C? PICTURE X, SPININ
' _Daayln 02 SOCTAL=STATUS-C?  PICTUSE X, spiorn
“ ECIA ED) 07 ENTPAMAESSTATUS-C3 T PICTURE X. SPI0TIN
004130 N2 FTENIC-NRIGIM-C 2 OFNERTNES ENTRANCE-STATUS-C3 PICTHRE X, SPLOIN
0N4140 02 WITHNPAWAL-NATR-C?  PICTUPE agge, B ___sriol1n
A04150 0P WonIC  REDSTINES WY THNRAWAL-NATE=(2, spiota
. 004160 N1 LIAD-G PICTURE 99ya, Sr10 1IN
004170 03 FENLER OICTUE X, - SRIO1O ¢
HOIAETL 07 9IR-C2 PICTURE 9, SR101N
0N&19n N? YEA?P-C? PICTHRE ga, QRIO]O
nn42nn D> CRD-CONE PICTURE X, SR1010
005070 FR T STURFNT-FILE 5971/ 1A
0nsn20 RECORDING MNDE F SP1010
005030 LAREL PECOSP IS STAMDAPD SPI101N
005040 RLACK CNMTATHS § PRELNRNS SR1IN1D
005050 RECNRN MNNTAINS 155 CHAPACTERS SR1D1N
0NsNen NATA RECNRN TS UPPATE-2FC, seinya
TTT0nS070N 01 UPDATE-RRC. SR1nID
005080 07 FULEP PICTURF X, SRIOIN
005020 02 _19-UPDATE  PISTURE Qqann, SR1N1IN
005100 N7 FILLFR  OTETIRE X(1491. SRININ
00S110 FD MFW=ETLFK SP1N1D
Q05120 PECADN NG MNDE F $P101N
TTTToos13In T LARRL PECORP STANPALH - SR1OID
0n514n BLOCK (OMTATIMS § PELPRNS SR1N1N
005150 RECARN CONTAINS 155 CHAPACTFRS $P1010
0051A0 NMATA RFENSN TS NEFW-REC , Sa1019
0N5170 01 MEW-RE(, se101n
nns180 N2 ENLFe PIATIER ¥, <1010
- 0ns5yan 07 DN B TiiR e Gaas, seInin’
- 0N5200 07 FILLFR DINTICE Y(140), T SPININD
00601N_FN PENTP NPV 1PRMTOL, SRI1NN
N0&N20 WNAK INA-STARAGE SECTTNN, SEININ
ANEOIN 77 CYLHDX PICTIRFE x(10n0), SR1Q1IN
0NAN4O 77  SYwanL Ir-fN-S PJrTIOE aaaga, ) sRynNn
T 008n50T 0T T TMVALTh-L vET T » TUUsengn
0nens6n 02 CARD-IMAGF SRINYN
04070 03 MS6-11 prrrnnc X127), <PI0YD
0n604an 03 FILUFR PITTUPE ¥(S3). SR1010
006090 02 FILLFR PICYURF X{7) VALIIF SPACFS. SP10IN
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006100 N2 MSA PICTHRF X([25), SR191N
anGyLn 02 CILLFR  PICTIOR X(2N) VALUF SPACFS, snipin
_____ O0A L DY M=) o e e - .. SPYd_

n5110 N3 FETLLFo  nIrTIRe ¥ {54y  VALUS SSTIMENT F{LF VYAINTENANCE'. SRiniA
NN&14N 02 FILLFR DITTIRF X({100) VALUFE SOPANRES, SR{N1N
006150 02 PR, SP10IN
NNE1LAGD N3 FHLFN  PICTIRFE X(5) VALUE 'DAGE 1, SP101N
N0AYTD N3 PAR-MA PICTURE 777, SRININ
___ 0DK1RN DY HO-D, S L L _SPinin_
" nagren 0?  NATE-D  DINTURE X(R), <RIOIN
006200 02 FILF2  PINTURFE X(124) VALUF SPACFS, $P191n
__hhroan 03 Hh=2. e e - seinin
nnIN2n 02 FILLFE? PISYIRE X(27) VALUR o SCH MAR  A[RTE STF !, SPIQIN
0070130 N2 FILLED PICTINFE N{27) VALIE 9 VISA ADM CNL C0L RS MY, SPInIN
L007nan 00 CFHUEP_PICTIOR X(27) VALUE YAJ FNT HS ”ES_BEL.EPTE*_EﬂﬂigniPl“1?w_
on7nsn 02 FILLFe PITTIPE Y(27) VALLE ' GPAN HRMAR  GPA TCTAL S'. SRIQIN
nNOTALN N2 FILLFR PISTIRFE X(24) VALUE 'AT ACT GOUF ', SoInn
70T 01 EN-4. : Se1010___
nnTNen 07 FILLF? PICTIEF X(27) VALVWF t 10 SFX 1 AS CTRY ', S°1n]An
0nTNeNn 02 FNILF2 PICTINA X(27) VALUT (CNTY FNNME HS NFEG STY D¢, Setnin
_ 007100 A0 CTLER PISTINE Y(27) VALUE 'FG_ GPA SOC NITHEDR DATY, SRIGIN
007110 N2 FILLF? PITTIPF X{27) VALUE ' NATF  PTS  HRS HO'S HY ., sP1n19
007120 02 FILLFO PITTURE X([24) VALUC RS MRIG ', SP101N
e DL STUNENT= °’"”°U-_4
0? F\CLF - Q [('THL‘C ¥e
02 1n-§% PIFTHD" a9,
02 _NDIvV=S PILTURE Q,
02 NAWE PICTIRE Y(23),
n? SFyYy=9§ tIC TR X,
0?___-‘1!\9_7“!-QT'\'{IIQ-VS‘___IL‘_'_U_IOC X L
07 CLASS=STANP (MR- PICTIPE XX,
02 RIPTHNATE-S PIFTUSE (7} COMPUTATIDNAL-T,
02  STATF-7nyuTeYy=-S  PICTUPE XXX,
02 CARNTY-S oI TUPF ¥¥.
02 VISA-S PICTURFE X,
0P Cn\!l’:FQr‘\'FF-C "H‘TIIPF XV
07  ANMISSION=STATIISCS  PIf TIRE X,
02  SECAMNARY-SFUNNL-S  PICTURE XX,
0> CNLLEGF=S_ PICTIRE XY,
02 NFGOFE-CALLERF=S  PICTUSE X,
N? FILER PIfTIRE X,
N2 £IUNSE=NE-STUNY-S  PIC TURE XX,
02 MAJN2-PP-NEGREF-S PILTURE XX,
07 ENTRANFE=STATIS-S PICTIRE X,
N? _HS-APA-S PICTUPE Qyon rAMPITATIAMAL~
- 07 MR-ACCHMS T CRUOUTATIANAL =T,
02 FALL-HR PICTURE QQvg,
N3 WINTFR-WD pPIr TURE aayQ,
03 SPPING-HO  PICTHOF naya,
03 SUMME2-HP PICTURE gava,
N3 CALL-HR DPILTIVE qoyq,
02 GPADNSHR C PICTUCT @gye, T -
03 SEY-H?  OYC THRFE 9yya,
02 FRS=DFNEFINFN 2ENFFIMES HP—ALCUMS CNMPUTATICNAL=3,
0% He-ACCUM-S  DICTYRE 9aya NECURS 7 TIVFS.
02 RFESINDEMCE-STATUS-S PICTURE X,
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02 S IAL=STATUS-S PICTHOF X,
N2 WITUMDALAL-NATI=S PICTIRF 99900 COAMPUTATIONAL=3,
N2 GPA=DATA  COVOLTATINNA|-R
T T T A AP ASBAINT S-S Du‘Tmf aaayna,
N2 GPA-HNIIP S=S DI THPC 0a9yqqg,
03 TOY-HPYr S-S PICTYRE 999yeq,
-0"! SAT-HNINRS-S OICTIRE 999vyaq,
02 SCHAN -CPNEC,

03 SCH-CANE-S OICTUPE X PCCURS 4 TIMES,
07 RELIRTINM=S pPILTURE X, T
0?2 FNTRANCF=NATF=S  PICTHOF QG COMPUTATINNAL-3,

L 02  GRANIATION=NATF=S  PICTUCE 999 COMPUTATINNAL-3, e
07 GPA- DATA AY-0TO COMPUTATINNAL -3,
03  PA-0  PICTURE aven, _
n3 FIAQQ-QTAWﬂING ] ?[egQE 909!_

07  FILF=DATF,

03 VYEAP-S DICTURFE Qo,
03 QTe-§ °PICTHPE q,
N> ANVISIR=S BICTINE XY,

02 PHONF=S PICTUTE S9(11) COMPUTATINNAL -3,

- N2 STATISTICS=STATUS=S. .
N2 STATSSTATUSSS PICTURE ¥ TGCGURS & T1MES,

02 ETHMTIC-CRIGIN  PICTURF ¥,

. o 02 FILLER  PICTURE X(223),
N2 SNeT-§ PICTIPE X(12). _

NNT7140 N1 DTL-L INF, . SP10190

___f%o7is0 02 €MV U PICTURE X{5) . . _.seweln
007160 02 TrUn? PICTURE X, SR10IN
W XARA 0?2 TFILLEFP PICTURE ¥, : $®1010

__00m80___ 02 FLNO3Z PICTURE X, se101n
nn719n 07 FILLFR "PICTURE X, SR1010
007200 02 FLN& PIC TURE X, SRIN1O
008010 02 FIiLFP PICTUPF X, v SRININ
Tongoon T T 0?2 ELNG TTRICTURE X, ' SrRin1a
08030 02 FILLFR PICTIRE X, seIn1N
noenN4gn 02 FLh6 __PITLTURF XY, ' SR1011
008050 02 FLNT PICTURE 7994999, . SP1019
008N60 0?7 FTIILLFP PIrTURE X, SRIN1O

. nmenTn 02 FLNg  pInTURE XXX, __S®101n
008080 02 T FTLIFY TTTRIC TURE XX, sR101n
no8o9n 02 FILN9 PIF TURE XX, SP1010
noRINC 02 FILLER PICTURF XX, - sP1n1n
008110 N2 FLD1O PILTURE X, SP1NTIN
008120 N2 FILLFP PICTUTE X, sein1n

____opayan 02 FLNL1Y ____PICTURE XX, <elnln
nng140 0?2  FILLER PICTIIRF X, sPi01n

~ 008150 N2  FLNY2 PICTURF X, . SR1N1N
008160 02 FnLLFP PICTURE ¥, . $2101n
NORYTO 02 FIN13 PITTUSF XX, : SP1010
NO81RN . 02 FILLER PICTURF X, SP1010
nogl1an 02 FILN14 OICTURE XX, <R101N
nng2nn - N2 FNLFR seiayn
00301N 03  FILLFP " OICTIRF XX, SR1N1D
anan>n 03 FLO1S PICTUPF XY, . . ___SRIN10.
009n3n N2 FIILFD PIC TURF XX, sR1imin
ANo040 02 FLDY6 o1L TURF XX, SR1N1N
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nnonen 02 FYILLFED PICTIRE ¥V, sPInt1n
nnoensn n?  FLNYT PINTURE XX, SRIO1N
n'\nn'fr\ ny FiLLFO e ] D'(r‘ T||">F-' YY e o L S__'-’_l_ﬂ10_____
Tnaanrn T a2 TR Ryl PIETURE X, sP1ntA
nnonan n? ENLLFR, 501010
009100 01 FILLFP _ PICTURE X. se1nyn
ACOLLN N3 fLN10 PILTURE 6,99, SOININ
gner?n n?  FILLTe PINTUPE X, SRINN
Doo11Nn n> R n2n ) PINTIRFE X, SRININ
nnotan T e TR ER T T e teE xL T T SRINID
nnolsn np  FLR?) PITTURF X SRINTD
_pooysn 02  FRLLER PICTUNE X, SP1010
Tanerve T np  ELnn2 oI TURE X, SR1INLIN
nogyen N2 FILLFR pInTUnE vy, 21010
___anaian N2 FLN?22 DITTIRF 790909, SPinIn
TToaeRne T T a7 Frlilee . SOINI0
n1Na10 N Ry FR PICTIRE ¥y, SRININ
. pnnen 03 FRD2A Mw_ELEIﬂ°F q0R9. seaeln
0100720 03 FILLTR PICTURF ¥. SRINIA
010040 02 FLN2S PICTURF 99RQ, SP1IN1O
010050 N3 FIpLFR PIOTURE X, e 2 RINID
TToronan T AR TRIP2G PIrRTUE 777071, SPInIN
010070 p2  FLN27 PICTUPE 777.77. SR101D
n100e0 03 TNT-HRS-P  PICTUPE  777.77. SRININ
T anen T T AT S S B IR TURE 777,77 SR101%
010100 0?  FULER OICTURE X, SRiN1A
_o1anwe o 02 FLh2e o PICTURE X, seIM1a
ooy 2eT T T2 TR EY TRICTIe R X, T T <P101n
010130 07 NAME-P OICTURFE X({17). $21010
NINISN 01 FILLrN, SRIg1N
TnTio4n 67 1 INECFNT PTTUAF Gea CAMPUTATIANAL -2 VALNE 0, SR101N
O]IORO N2 PAG-CTYT 2ICTIRF aqq CAMPUTATINNAL=3 VALUE 0O, SR101N
_n11ng 02 PNA-FND-SW OICTIME ¥ VALUE '0Y, SR1NIN
011070 A TR RS T TRFISY BT YIRE X VAL uc"'frj'-, sRinIn
A11nan 02 NN=2IND PIFTIURE ¥ VALNE 'nt, S?101N
011090 02 SCHICL-CODE-Y  PICTUPE ¥ VALUE ¢ v, SP101N
011190 02 NFWFE I EZSY TPICTUPE X VALUE v 7, seinIn
011110 PRACEMIPE DIYISINA, SP10IN
011120 nPEN-oT seig1n
n1113n “nuF SARCFS TA NTL~LINE, : SRINIO
n11140 NTSOLAY TACTIOTN MOW RYNNINA T UPON CANSDLE,
_N11180___ APEN INDUT BN? NUTPYUT PRNTR, SR101N
0111°% EXTAT  cH GETDATE PUTS TONAYS NATE M PATF—P ————— e .
N11160 FNTER | [NKAGE., SRI101N
N1 CALL 'GFETDATF' USING DATF-D,
011180 T ENTER £ARALT Sr1010
017030 DFRFNRY DAG-HA, se1010
N12000 REAN-rAR NS, 521010
7012100 T T RFARN RO? AT ENN MAVE §1¢ TA RAR-END-SW, se1n1n
012110 oNwaen, SP1019
N12120 IF In-r) = -Mrwrr- 0 TN _LOAN-FTLF, se1nn
o2y T Ne RN T-07 STURENTRETF, T “Soynln
nN12140 £t TA S TIP-PEAN, SP1MT1N
012150 SFAD-RT, SRic1n
012Y80 DFRFARM REAN=CAONS, Se1n1n
012170 SKIP~PEAN, SPIN10
G=50 -
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TF PNO—FMR-CW = Y11 nn Tn £ny,

[

n1218an Sseio1n
012190 TE ( INF=CMT GOFATED THAM 56 PEREMNRM BAG-HD, SRICIO
N13n30 MAVE 101 YA pooye T TE~SH, ' SN
—.—_‘/) 1"{(‘)4.0'- T DF-"rﬂD M D/“\)T)'T'A-Rfl\n ) T T e e e e e e qn](\‘-r‘,
013150 If CON=-fNAT = Y )t AN TP NEYETF-9T, SPINTN
___h)3nsn JE NN-#gh = 111 PEREARY ANN-PT THPY ADN-EXTT, #n TP SPI0Y1N
0130707 T T REAN-2 T, T Se1019
D130RN IF DELETR=C = 11t MOYye 1190 TN RE-WRY TE-S¥, PF2FCRM ATD-RT <SeiQ1n
013nan THRH ARD-FXYTIT, GN TN REAN-RT, SeInl10
TR on T T TeRT 1a grAaNAF=R T, T T T T e Y S Kb Xs
013110 NF ETF-0T, s”101N
013120 [F “N=FINQ = '] MPVE INELETIAN, REC NCT FNUADY TO NFSG, SrR10 1N
013130 T T R EREAYM THVALIN =L ARRLA T, a P T RERN<OT, SR1010
013140 TE SALL~HR = 0 ANMD WINTE@-4D = f AMD SPOING-HR = 0 SRIN1O
f1315n BN COLE-HP = N AN ARAD-HR = 0N AND SFM-HP = 0 SR10N
TR 60T T NEXT SENTENCE T E e T T T T T - "SR1010
n12170 MOVE 1CRPENTS, NEIETION REJTOTENY TN MG, SR1010-
N13180 DERFNARM [NVAL IN-CARD=-RT, AN"TH PFAD-PT, ShIc1D.
013190 T IETUINF<CNT T, 85 PERT ORM OAG-HD, SPin1n;
n12290 MNVF A TN CTL. se10tn’
014010 MOME SFOLLNWING PECN2N ACLETAN® TN RADY, DEDEARM PRNT, Seieln:
o140 T BESFARY poqMT-RT, T T T E R ¥ - s B o)
014030 MAVE t1Y TN NELETE~ se1C10™
014040  PFPENRM OR-WMTTF, sPIngn:
T DT4050 6N YN READ-RT, SRICIN .
014060 CHAMGF=-2T, . gRININ:
014070 IF fPN=CANE = 1LY OR CRN—COANE = MY MR CPO~CANE = ' N0 seInIn:
TTOLA0RA T T T AR Ee NSt npE = DY R CRNSENHE VR MEXT SENTENCE BISET T SRin0
014090 MOVE VRAD CHANGE CDPNFY TO MSH, SRICIN .
014100 PENEN2YM IMVAL TN=CAPN=RT, AN TN PFAN-RT, AL ATE
TTTolat10 TF LINESTNT , 85 PERFNON PAG-HO, SP1010:
014120 MOVE fCHANGES-~——* TN BANY, OVE 10! T0.CTl, PERFNDM PRANT., SRI01Nn;
014130 PEPENRM PO INT-0T, : SPIN1O
TTTAIA A T TR R N-CARY E"*L'”ﬁi”ﬁbﬁiﬁﬁﬁﬁ'E‘?ﬁT"Eﬁ"T6"EHKNdE:€ﬁTEEEF:”""_"§bibihf
014150 TF CPP-LPNE = IN' N TO CHANGF-GRAN-SEM, snirns
014160 TF-CAN-CANE = 'PY 5N TN PRIGTN-NATA, sRinIY
074176 TF IN-NIv=C1 ¥nT = v & SrRinIn:
014180 MAVE (N=NTY-C1 TP NTv-5, SRININ
__ 014190 IF RPA-DAINTS-N) (S 'Nimeolrn SP101Nn
014200 T T ADA TR AL NINTSSr T TR R PASP AT NTS S 3T
015010 1F GPA-UN2S-C] TS NUMERC sP101n
015920 APD  GPA-HALR S=CY TN GPA-MMIPS-S, 51010
015030 TF TNT-HSS 1S NUMES T ADPR TOT-HOBS T JAT-HALRS—S, SeEInIn
015040 e s HPS 1S NUMEDIC AND S=HRS TN SAT-HNYPS-S, se101e
N15050 TE N-1ST-FNPOLLFR-C1 1S NMERT(C <eInte
70150460 . wnvr SYRTS R AT FN-CU TR ENTPANCE=NATESS, seiotn
Nn1so1n IF N=NF-CRANIATINN-CT TS MIMECT( SRINC
015n8n MOVE N=0F-GRADUATINN=C] TN GRADUATION-NATE-S, sRi1Q]n
o150a0 G 1A INSEAT., - ELITIT
N1S100 CHANGE—rOLLFGF. sRinyn
015110 PERFNOYM NI EGE=NATA, AN
TS 20 INSCRLY T T - — “sP10TR
1513In PFRFMPY DRINT-DT, in(\]f;
015140 DERFNON RE~WI[TE, SRinye
015150 GN TR RFAn~R T, e 010
015160 COLL EGF=NATA,

se1nic,

G-=51
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n1517n 1F NAVE- ] MNT = ¢ VMPYE NAUF-r) SRINIO
015180 T NAME SP101D
n1si190 JIE IN=NTV=C ) TS MUEUERIC MAYr 1n=-nTv-C1 T2 N1v-S, SPInn
TTTT015200 7 T IF TSFY-r2 NAT = v ) ) SP1n1n
n1601N NAVE SEY-r2 TN SEY-G, SP1010
016020 CIF MARITAL-STATHS-R? NAT = ¢ 0 SP1N1N
TTor1603n T AVE WAR T TALSSTATUSSCS TN YART TAL=STATUS~S . Sein1n
016040 1F CLASS-CSTANNING=(C2 MOAT = S91019
016060 MAVE CLASS=STAMNING=F? TN CLASS-STAMNING-S, se1nin
016060 1T RIPVTUDATE-C? 1S MUMERYQ se1n1n
016079 MAVE MO=C2 TN CLASS=STANDIRG=C2 MOVFE 00 TN MP=2 <ey101n
0160020 MOVE RIPTH=N T0 2 TPTHDATE=-S, SPININ
T p16NgNTTTT YR STATFSCA(NTR V(2 MAT = 8 v Sp1o1n
n16100 MAVE STATF=CNUMTR Y2 TN STATE—CRUNTRY-=S., SRINIO
n1r110 TE (OINMTY=C) uNT = 1 8 SPININ.
T Bie1enT TTUTTMANE CNINTYSR 2 TN CRUNTY=S. SP101n
01613Nn IF VISA=r2 MOT = 1 ¢ Se1n1n
016140  MIVE VISA=£? TO VISA=S, SP1O1N
016150 TIF CONFFOFNCESR2 BAY = 1 9 sein1g
016160 MAYE CONFFOFMCE-C? TN LANFRERFNCFR-S, sP101N
016170 T ANMISSINN-STATUS-C? NAT = 1 1 _sei03Nn.
TTRe1en T T T RAYE Anv IREIAN=STATIAS2 T A Am-ysqm\' CSTATUS =S . SPInIC
nielac IV SFONNNAQV-SOHANL-C2 NNT = ¢ ¢ SRIQYIN
016200 ___ MOVF SECMMNARV=SrHaQL—02 TR SFCANDARY-SCHNANL-S. - SP1010
017010 IF DEGREEF-COLILEGE-C 2 NAT = ¢ ¢ Se1n1n
Q17020 MAVE NEGPRF-COLLFECE~C? TO NEGREF—CALLERF-S, se1N10
017030 IF COUPSE=NF=STINY=(2 MOT = ¢ ¢+ SRININ
517040 MOVE COURSE-AF=STURY—C? TO FNADRSF=NF—STUDY=S ., SRININ
017050 [E MAJOR-AR-NERRFE—C? NOAT = v @ SR1010
017060 MOVE MAINR=-OC-NEGPEF-(2 TN YAJOP=NR-NEGPEE-S SePI01N
017070 TE ADVISA2=C2 NNT = t 1 MAVE ARVISOR—C2 T0 ANy [SAR-S, SR1010
017080 TF ENTRANCE-STATUS=C 2 NAT =4 ¢ SRI1C10
n17naa MOVE FMTRANCE-STATUS-T 2 TN ENMTPAMCE—-STATUIS=S. SR101Nn
T TI00 T TTE RSP AL P TI S NINER T TTSRIDIN
017110 MOVF HS-GPA-£2 T HS-GPA-S, SR1010
017120 1F PESINFNCFE=-STATUS=C? NNT = 1 1 SRIN1D
017130 UAVE PESIAFNAE—STATUS-C? TN RESTRENFE_STATIIS— s. SR1I010
N17140 TF SNCTAL=STATUS=C? KAT = ¥ cmIn1n
017150 MOVE SNCTAL-STATUIS=r? T SOGTAL-STATUS~S. SP101N
017160 TE VITHOP AWALSPATFIC? TS NuERfL <SR101IN -
017170 HOYE WITHNRAWAL-NATE-CD? TN WITHDNRAWAL—DATE=S, SRININ
017180 TF CRN-CADE = 'L' MAVE *3% TN SCHORL-CNANE-X $21010
B NALT TFLSE MAVE T4V TR SGHAN—COnE—v, <eIn1n
01720N TE SCHIOL-CONF-X NAT = SHH=-GNADF=S {OTR=S} PEPENDM SCHANL-CHG, SPIN1D
018010 MNVE SCHNAL—CNNE-Y TN SnY-CANE-§- (QTP-S1, '
T 018020 CHANGEIGR AN SR, T <SR101N
0180130 PFREORY GPAN-SFY=NATA THR(] GPAN-SEM=SXIT, sP1O1N
___018n40 60T IN=Cnl SP1019
THIRNEA T GAARSSEMS A TA L Teia1Nn
018060 I MAME-C1 MAT = t MOVE NAME-CY CALE D)
018070 TN NMAME seynyn
TT0180RA T IF ID-ATV-rT TS NUNMERS TCTWAVE 10-DT V=1 T0 B1y-S. TeRinin
niepan TF SFY=(2 NAT = 1 ¢ SeIntn
n181n0 MAVF _SFY-L?2 Tn SFX-§, ___Sm?101n
018110 IF MAR I TAL=STATISSC 2 MAY = ¢ TR inn T
nig1zn MOVE MARITAL-STATUS=C2 TN MART TAL~STATHS-S, SPINIn

G-52




N1 1RN TF RIRTH=N [ MIMEQTS MAyS aloT4-N TN T PTHOATRE=S, Seinin

01814N I[P STATF=CAIMNTRY=-" 2 NNT = o ' : SPININ
nit1sn MAYE STATE-COUNTRY=CD TO STATE-C PUNTRY-S, L _seinn
TN AYEN T T THE T VISA~c3 2 7 TTRA TaTrR R, S Tseingn
01PR17N MY YISA-£3 TN Y1 <SA-S, SP101"
___01e1e0 IF VISA-S = 131 ¥Aye 121 TN YISA-§ [N TN (0K, SRIPIN.
Tormlen T T TTNETYISASS = V3 TWnyr 737 T VT SACS, ] SPI01D
0187200 £rx., . SR101n
n1on1n - IF CONFRRTNCF-C 2 MNAT = ¢ voNNyYS CNMEFRENCF- {2 T0 CALLEGT-S, SPINIO
TTTTeYe020T T IR SFCAMDAR VST HNNL ¢ 2T NAT = Te TV vy T T TTTsetoln
n1901n SECANNAD Y= SCHANL =02 TH MAJCR-(R-NEGPEE-S, SP101N
019940 TF PFCRFF~CALLERE-N? ANT = ¢ 1 unyE _ SNINTN
Bro0sA T T RERS FEST AL EARSC 2T TN BELIRT BN-S, <eIn1n
N1onen 1F COUPRSF=NF=QTINY=r2 NNT = 1 * MOVE CRURST-NE~-STHNY-C?2 SRIMNIN
n1a07p TN COMFEORENMPFE-S, SPInIn
TV TF EMTRANCF-STATHSSE R WAT =77 1 T8 R10010
nyonNnQ MAOVE FNTRAMOF=STATYS-N2 TN FENTRANCE=-STATIIS-S, SR1I01N
' 019109 TF ANMISSINN=STATUS=C2 = t1t MOVE 151 TN §CHNNL~CONE=X B SP101N
‘. e AT T T e T Ny, T ”—' ' sP101N
019120 - IF ANMISSINN=STATYS-C2 = 21 MOVE 141 TN SCHAPL-GANT=Y SR1NTN
nl1otan GO TN AY, _M“§01QJO_
TOTAYAGTTTTTTRA T TRR AN SEMTEX T T - - §RIGIN
. ol19150 Al. : SR103IN
N19160 TF SCH-CONF-S (OTP=~S) = SCHNOL-CPOF-¥ NEYT SFENTENCF
TTOIgITAT T RLSE AR A TETHAALSIAG MOVE  SCHONLU=CANE =Y TA SrH-rOpE=S SEI01Nn
nieisn (D7e-95),
nlatan a2, SR101N
TR0 TRRADSSFRCEX T, TEXTTL P I
020N1n NRIGIN-NATA. : ) ‘ SR1019
020020 TF FTHNIC-NRIGIN-C? NOT = ¢ ' . SR1010
TTTOR0030 T T T T MAVE FTHN TR CNRTATNC S TR ETHNTC-NRIGTN, SrRinig
020040 GO TR M-CNL. SPIN10
020050 ADN-RT, SR1019
TTTO200En T T T AER RNV (N TInECARN SPIOTN
020070 TF CPD-CADF = sLv MOVE 13¢ 70 SCY-CANE-S [QTR-S) GN T0 SR
n20080 CNLLEGE-ANN-R T, - SR101N
020000 T T1F (RNRILANE = VWTVTHAVE T F 40 T0 SCH-CDONF=S (OTR=S] 6N TN Tso101n
nD20100 COLLFGE-APD-B T, N SRINN,
. n2n11n 6N TN r2n-3, : . _SeP101n
TR AOT IO AN X ITL EXITL “T'sR1AYn
0201230 .CNLL FRE—ANP-R T, . SR1010
N20140 PFRFIRM COLLFAF-DATA, ' SR101IN
TTTTO IR T TF UINESCNT , RE PRCENEN GAG-HN. T SRIDIN
020160 MAYE InY I CTL. S21010
020170 MNVE YMEY OTONRNY T RNNY, PERFNRM PONT, : SR1010
. 0201807 TOFRINRMTOP INT-RT, : . SrR101n
oz20100 PERFNRM WRITE-NFW THR!) N—EXIT. ¢Q1010-
n20200 67 T ADD-EXTT. ' SRININ
021010 fBply o SeL01n .
021070 1F CAN-LNDE = IN' NMEYT SENTENCE ©SRINEN
n21030 FLSF HMNyr tMN OECARN FRIINDY TN MSHK SPRIN1N .
TTTOAI0A0T T T PERENEW TINVAL IN=FAPDCRT GAT TOTABNSEYTT, 7 Terion
n219s0 1F ADMTSSINM-STATHS=C? = 1 * MOVE 51 TN SCH=CNNE-S (HTR-S) sR1NIn
_ 21060 LT MOVE et TN SCH-MMNF=S (NTRP-S). : i
K 0621970 PTETAY REARISEWINATA THRY) R ADSSFR-FXT T, TSR0 .
021080 IF LINE-CNY , &5 PERENPM PAG-—HD. SP1019 "
G=53
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nzInan MOVYE o TN CTL, NUB TR RS

Nz211nn’ MOVE IMEW RECARDY TR RANNY, BERFEQORM PONT, SP1IOIN
q?]]](\ pr_opnn!.q oR \‘MT-DT_ QpJ.r-\l_n
TTTTAA Y2 T T T pEREne s WS TTRFAMER THRU M-EXT T, _ SRIOID
0211131 T AND-EXTIT, ; C SR101N
071140 INVALIDN-CARPN-RT, SPININ_

T 21180 T MAvE G- tun A CARDZJMAGE, SR1N1N
n21140 MOVE TNVALTN-] INF TD RONY, MOYE 1t T0 CTL, PRRPFEAPM PRNT, <ein1n
N21170 MOVE '#*i*"#‘*"r***fd &: A Tﬂ YSG. i v QD}.n\f\

TTTo2118N PAG-Hn, T T T ’ o sPio10”
N21190 MAOVE N TN LTNF-CMT. ' SPIOTIN
022070 PRINT-OT, i SRI0IN
023980 T MPVE SDACEC 7A DIL-LIME, SR101n
n23nan SCHNN| —CHG, se10In
022100 DERFARM T DA THRIY APA=YT, SPRININ
023110 7 MAVFE ekwsis TE SCHNAU CHANGEXEETY T0 RADYs PERFORY DRNT . sPin1e

. N22170 CHL=-GPA, . SP10)n
___orm3n IF SCHINL=CPDE-Y = 161 AM) SCH-CONE =S (QTR-S) = 4! .

“ TTTo23140 T 7oA D GRASXT. : SR1010

. 023150 IF SCHABL-CNDF=X = 16% AND SCH-CODE~S (QTR=S) = 151 SR1010
023160 GO T0 GPA-XT, I SF1010 .

0221707 7T MOVE © TO GPA-PRINTS=S. SR1010

N 023180 MIIVE O TO GPA=-HMIRS-S, ; . SR1010
023190 MOVE_0_T0 GRADUATIAN-NATE-S. SR1010

023200 MOVE O T0O TOT-HOURS-S, SR101N

024010 - MOVE 0 TO SAT-HNURS-S, SR1010
024020 ™0OVE 0 TN WITHPPAWAL-DATE-S. ~ SR1010

024030 MOVE 732 T0 ENTRANCE-DATE-S. : '
024040 GPA-XT. EXIT. SR1010

024050 INIT=-RECARD. SR1010 _
024060 MOVE SPACES 10 STUDENT-RECORD. SR1010
0724070 MOVE 0 TO HS-GPA-S. SR1010
024080  MOVE 0 TO RIRTHDATE-S, SR1010.

77024090 MOVE 0 T0 FALL-HR. SR101D
024100 MOVE 0 TO WINTFR-HR, . SR1010
024110 MOVE O T0_SPRING=HR, ' SR1010
024120 MOVE 0 TO SUMMERTHR, SRLI010
024130 MOVE 0 TO COLL-HR, SR1010
__ 024140 MOVE 0 T0 GRAD-4R, ' A SRI010_
T 824150 MOVE 0 TA SEM—HR, SR1010
024160 MOVE 0 TN WITHDNRAWAL-DATE-S. , SR1010
024170 MOVE 0 TO GPA-PRINTS-S. SR1010
024180 MOVE 0 F0 GPA-HOURS=S. SR1010

024190 MOVE O TN TNT-HOURS-S. SR1010
024200  *OVE 0 TO SAT-HOURS-S. : SR1010
- 025010 T MOVE 07 TR ENTRANCE~DATEZT, SR1010
025020 MOVE 0 TD GRADUATION-DATE-S, SRIOLD
025030 MOVE 0 T0 GPA-Q. . SR1010
025040 HMOVE ¢ TO CLASS-STANDING-Q, SR1010
025050 MOVE IN-Cl1 Tn [N-S. SR101N
025060 MDVE ID-DIV-C1 TR NnIv-S. o . .SR1019
025076777 T MNVE 732 TN ENTRANCF-DATE-TS.
025080 MOVE YEAR-C2 TN YEAR=-S.

025090 MOVE 07°-C2 T0O QTR-S. . L
025100 PRNMT. i SR1010
025150 MOVE * ' 10 CTL. SR10190
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025160 MOTE . SR101N
025170 e m——e e — CPCATE NFW STUDEAT FILE—=mm—mmm—me— o se1a1n
02580 e e e SRLODY
025197 LOAD~FILE. SR101N
025200 STOP NCW STURENT FTLE TO RE LOADED, IF CK EGRY, SRININ
026010 APEN QUTPUT NER=FILF,. . L ) SRINYO
T 0760720 RC. PERFIEY REAN-CARZDS. SRININ
076030 1F RDR—END-SW = *1¢ GO TQ EQJ-NEW. SRIDLN
026040 MOVE 1Y Y0 NEWFILE-SW. L _SRI01N
T o2ens0 PERENPM ADND-RT THRU ADND-FXIT. - Tsri01n
026060 6N TN RC. SR101D
026070 FOJ-MEW. o L SP1010
026080 CLOSE NCW-FILF. SR1010
026090 G0 TO CLNSE-7. SR1D10
026100 _FDJ . L SRINIO
026110 CLOSE STUDENT-FILE. SR1010
026120 CLASKE=2. SR1010
026130 CLNSE RDP PRNTR, _SP1Cio
026140 T STNP AUN. SRI0ID
026150 RANDOM-~-READ, SP1010
026160 MAYE ID-C1 TN SYMBOLIC~-ID- s. B L __SR10190
026170 MOVE 'Q¢ TD NO-FTND. - o TsR1010
N26180 READ STUCTMT-FILE INVALID KEY NOVE t1' TC NO-FIADS SRIOIN
_02619¢C MOVC UPDATF=-PEC TO STUNDENT-RECCRD. ' __SR1D1D
0267200 WRITE-NEW. $P1010
027010 IF NFUFTLF-SW = f1*t 60 T0D NFW-FL. SR1010
027820 MOVE STURENT-RECDORD TN LPDATE~RFC,  SR1Q10
027030 IF PE-WRITF=S%W = ®1% REWRTTF UPDATE-RFLC 60 TC N-FXIT. TTSR1019
027040 We ITE UPDATE—RFC INVALID KEY DISPLAY SR1010
027050 'AC1CLQR, TNVAL KEY, DUPE FTC, CK INPUT' UPCN CONSCLE o
027060 TGN IO CANG. SR1010
027070 N~EXIT. EX{T. SRININ
027080 NEW-IL. _SR101D
027090 T MDVE STURENT-RECORD TC NEW<REC. TTSrR1010
027100 WRITE NEW-REC INVALID KEY DISPLAY SR1010
027110 'AC1010, INVAL KEY, DUPE ETC. CK INPUT' UPCN CONSGLE
027120 6N TO CANC. - SR1010
027130 GO TO N-EXIT. SP1010
027135 . NOTE  ———-e-—e _DERCANU CANCELS THIS JOB ——=———-- ————-, B
027140 CaNC.. T N S T T
027150 ENTER L INKAGE SR1010
02716C _ CALL 'NERCANU',
027176 ENTFR €OnOL, SR1010
0271080 RE-WRITE. . SR1010
027190 MOVE ﬁTUDEVT—RFrﬂRD _J0O_UPDATE-REC. SR1010
027200 TREWRITE UPDATE-RFC. B SKR1010
[ %

_ /7 LBLTYP NSCO(3)

T77 EXFCURKEDT i
/6




C3 PRINT

This program prints selected records from the file created by C2.
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/7 JOP AC DDOOD 2  PRINTS STUDENT FILE
J/ DPTINN CATAL
// PHASF C3,S _

7/ EXFC CNSOL

00101C ILENTIFICATION NIVISION, SR1020
_PRNGRAM=1D 'C3%, o
001030 REMARKS. STUDENT FILE pUMP, : SR1020
001035 BENCHFMARK VERSINN,
001040 REVISED FNR 36C BY DON_F, - SR1020
“TT001050 AUTENR,.  JIM GARRER, SR102D
001060 DATE—WR ITTFN . MAY-1R, 1S7C, SR1020
_DO1070_EMVIPONMENT DIVISION, __Setozo_
001080 INPUT-NUTPUT SCCTION. SF1020
001090 FILE-COMTROL . ' SR1020
001091 SELFCT PPNTR ASSIGN T0 'SYSCO5Y UNIT- Rggqpn 1403 UNIT, .
Tg0t100 SELECT STUNEMT-FILE ASSIGN TO vSYSC52¢ DIRFCT—-ACCESS 2311 SR1029
. 001110 ACCESS IS SERUENTIAL SR1020
_.oo12n QRGANIZATION IS INDEXED SR1020 .
"\ 001130 RECARD KEY IS IND-S. SR1029
: 001140 BATA DIVISION. SR102D
001150 FILF SECTION. L : » __SR1029 _
001092 FC PRNTP
. 001093 RECORDING MODE F
001094 LABEL RECORD OMITTED -
001095 DATA RECORD IS PRT.
007020 01 PRY, SR1020
007030 02 CTL_PICTURE X, SR1020
007040 T02 BNDY PICTURE X{1327. . SR1020
001160 FC  STURENT-FILE _ SP1020
001170 RECNRDING MDDE_F - SR1027
001180 LABEL RECQRD [S STAMDARD < SR1D20
001190 BLNCK CONTAINS 5 RECNRDS SR1020
_001200_ __RECARD CANTAINS 155 CHARACTERS SP1020

002010 OATA RECURN. IS STUDENT-RECORD. , SP1029
01 STUDEMT-RECORD.,

02_ DELETE-S PICTURFE X,
02 [n=S PICTURE G(5).
02 DIV-S PICTUPE S.
02 NAME PICTURE x(23).
02 SEX=S PICTWRE X.
02 MARTTAL-STATUS-S PTICTURE X,
02 CLASS-STANDING-S_ PICTURE_XX.

02 BIRTHDATE-S PICTURE 9(7] CCH¥PUTATICNAL-3.
02 STATE=COUMTRY=S PICTURE XXX
_ 02 COUNTY=S PICTURE XX.
~ 02 VISA=S PICTURE X.
' 02 CONFERENCF-S PICTUPE XX.

07 ADMISSION-STATUS-=S PICTULRF X,
02 SECONDARY=SCHOOL-=S  PICTURE XX.
02 COLLEGE-S PICTURT XX,
02 DEGRFE-CNLLFGE-S ' PICTURE X,
02 FILLER TPICTURE X.
02 COURSE-CF-STUNY=S PICTURE XX.
02 MAJOR-NR-DEGPEF=S PICTLRE XX, _
02 FENTRANCF=STATUS=S PICTLRE X.
02 HS-GPA-S PICTURE 9vQ9 COMPLTATICNAL-3,
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"HR §- -REDEFINED OFDEFIAFS Hp ACTIUNS CPMPUTATICMAL -3,
PICTURE 99V9 CCCURS 7 TIMES,

PICTLRF X.

WITHDRAKAL=DATE=S PICTURE 99999 CCHFPUTATICNAL-R,

PICTUPF §99V99,

PICTURE 999V99,

PICTURF X CCCURS 4 TIMES.

ENTRANMCE=DATE-S PICTURE 999 COYBUTATIONAL=3,
GRADUATINN-DATE-S PICTLRE 699 CCMPUTATIGNAL-3,
OYPUTATIGNAL=3,

02 FP=—ACCUMS CNMPUTATINRAL-2,
03 FALL-HR PICIURL SSVG.
03 WINTCR-HE PICTURE 59Va,
TTTTTTTTTTTTTTT T 3’ sPRING-HR PICTUME Save,
03  SUMMER=HP  PICTURE 4Gy,
03 _CNLL-HR__ PICTURE 99V9,
7703  GRAD-HR  PICTURE 99vy.
03 SEY-HR  PICTURE S9VG
. o 02
T T 0% HR-ACC Uk
02 RESICEMCFR- STATuc—q
02 _ SNCIAL-STATULS-S  PICTURF X,
0?
07 GPA-DATA COMPUTATINNAL=T,
€3 GPA-POINTS-S
03  GPA-HOLE S-S PICTURE Qcgygg,
N3 INT-HNURS-S PICTURF 999v99,.
03 SAT-HNUPS-S
02 SChHNOL- rnnps,
03 SCH-CNNE-
_ 02 RELIGINM=S DICTUQF Xe
02
02
L 02 GPA-DATA-BY-QTR ¢
€3 GPA-D PILTURE GVssS,
03 CLASS-STANDING-0O PICTURE 999,
02 FILE-DATE,

03 YEAF-S PICTUPE S9.

03 QTR-S PICTURF 9.

02 ADVISIR-S PICTURE XX, )
02 PHANEZS TPICTURE SS{11) COMFUTATIONAL-3,
02 STATISTICS-STATUS-S.
L 03 STAT-STATUS-S PICTURF X NCCURS & TIMES. o
02 ETHNIC-0ORIGIN PICTURE X, .
02 FILLER - PICTURE X{23).
o 07 SORY-S  PICTUPE X{12). o
002030 WNRK 1M G-STARAGE SECTION. SR1020
007040 N1 LN-1A, se1020
002050 02 FILLFR. ~ o _SR1020
002060 03 FILLFR PIC TURE X, SR1020
002070 03 FLD~-1 PIC TURE X. SR1020
002080 03 __FILLFR PICTURE XI(5)., SR1N2D
002090 03 FLD-2 PICTURE X. SR102N0
007190 03 FILLFR PICTURE x{&}. SR1020
_ 002130 03 FLN-3 _____PICTLRE xx, . __SP192n
= 007120 03 FILLFR PICTLYF X(5). SR1029
) 002130 03 FLD-4 PICTURE 9{6). SR1029
002140 03 FILLFR ___PICTURF XXXXs SRINZ0
002150 03 FLD-5 PICTURE XXX. SRI020
002160 03 ETLLER PICTLRE X(5). sSPInZ0
_._.bo2r70 03 fLD-6  PICTLRE XX, . ___SR10219
“gQ21a0 02 CFILUEeR T T RICTURE X4y, i T se1029
00219n 02 FLP-7 PICTURE X. $SP1020
002200 02 FILLER PICTLRE X(6]). - SRic20
003010 02 FLD-8 PICTURF X. SR102N
003020 02 FILLER PICTLRE X{(5). SR10290
—_— —_ G-58
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003020 €2 FLD=-9 PICTURE XX. SP1029d

0013040 2 FILLER : PICTURE XXX. SR102%
. ho3nse___ 02 FLM-10 _ _ PICTLRF_¥X. ____ : $R1020
003060 07 FILLER PICTLRE X(5), SR1020
003070 02 FLD-11 PICTLRE XX. : SR1020
__..00308C_ _ .02  _FILLFER PICTURE XIT7). ' " _SR1020_
003090 02 FLD-12 PICTLRE XX, SP1020
. 003100 02  FILLER PICTURF X(6). SR1020
003110 __° g2 _FLN-12__ PICTLRE XX, . SR1020
""" 003120 702 FILLER PICTURE X(7). SP1020
003130 c2 FLD-14 PICTLRE X, v SR1020 -
003140 C2 __FILLFR PICTURE X(6). SR1020_
003160 02 FLND-15 PICTURE 9,99, SR1029
003160 2 FILLER PICTLRE X(4). SR1020
i 003170 C2 FLD-16 PICTLRE 99.9. SPR1070_
003180 02  CRP-FLD-2. SR1020
. 003190 " 03 FILLFR - PICTCRE x(51). s’1029 .
' 003200 03 __FLD=-17 PICTLRF 99,9, $P1020_
. : 004010 03 FILLER , PICTURE X(771. . SR1020 :
! i 004020 01 LN-2A. SR1020
__ 004030 02 FILLER __PICTLRE x. . SR1020_:
004040 02 FfLN=18 PICTURE 99.9. SR1020 ,
004050 02 FILLER PICTURE X(4). : SP1020 !
004060 02 ___FLN-20 PICTURE 99.9. $P1029 .
T 7004070 02 FILLER ' PYCTURE XxXXX, T SP1020 ¢
004080 02 FLD-21 PICTURE 99.9. SR1020 |
_ 004090 02 FILFR _  PICTLRE x{(5). ' ) S21020
004100 02 FLD-22 . PICTURE 99.9. . ~ T SR1020 |
004110 02 FILLER PICTURE X(6). ' © SR1020
004120 ©2__FLD-23 PICTLRE X, SR1029 !
004130 02 FILLER PICTURE X(7). - SR1020
004140 02 FLD-2¢ PICTURFE X& SR1020 .
004150 07 _FILLFP PICTLRE x!(6). ___SR102C =
T 004160 02 FLD-25 .PICTURE 6965, SR1020
004170 02 FILLER ~ PICTURE XXX ' © SR1020 ;
004180 02_-FLD=26_ PICTURE 777.5S. ' "SR1070 i
004190 02 FILLER PICTURE XXX, - SR1029
004200 02. FLD-27 PICTURE Z77.S9. ' SR1020 4
005010 02 FILLFR PICTURE_X(4), SR102N ¥
005020 02 FLD-28 PICTLRE X, ~ . SR1020 f
005030 02 FILLER - . PICTURE X(6). SR1020
005040 0?2 __FLN-29 PICTURE Y9R9. - SR1020C
005050 - 02 FILLER - PICTLRE x(5). , SR1029 |
005060 02 FLP=-20 PICTURE XX, SR1020 |
00507002 FILLER ' PICTILRE x(5). SR1020 :
. 005080 02 FLD-31 PICTURE X. o SR1020
005090 02 FILLFR , PICTURE Xl6)e . SR1020 :
005100 €2 __fLD-32 PICTURE 99BS. d SR1020_
005110 02 FILLER PICTLRE XI(5). B SR1020
005120 02 FLP=33 PICTURE 727.99. ‘ SR1629
005130 __ 02 FILLFR PICTURF X, _ SR1029
005140 67 FLD-34 PICTUPE Z727.°S. SR1020
005150 02 FILLER PICTURE X(3}. . SP1020 ¢
—-005160 01 LN=1. ___ —.—-SR1020
005170 02 FILLER PICTURE X(2C) VALUF *SEX MARITAL CLASS . SR1020 |
005180 02 FILLFR- PICTURE X{2C) VALUE-*' BIRTH "ST/CTRY CN', SR1020 )
i
i
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005190 €2 FILLE? PICTURE X(2C} VALUE 'TY VISA ADM=STAT -t SR1020
005200 02 FILLFR PICTURE X{20) VALUF °s CCLL GCL-DEG CRSEY., SPIN20
006010 07 FILLFR__PICTURF X(20)_ VALUF '=STNY MJ/0G FATPARG'. SRINPO.

7006020 7T 020 FILLER  PICTUPF X(2C)  VALLE '€ H-S-GPA AU-CPS V., SR1029
006030 02 -FILLER PICTURE X(12) VALUF 'WI-CRS ', SR1020
006040 01 LN-2. S e __ SP1020

006050 2" FILLER  PICTURE X{2C€) VALUE TSP<CRS CCL=HR GRADV, ~ SR1020
006060 02 FILLFP  PICTURE X{20) VALUF '—=HR  SEM—HR RESNMCE', SR1D20
006070 - 02 - FILLER  PICTURE X[2C) _VALUE_ ' SPCTAL  W-DATF  GP'.  SRINZ0

T Tp060R0 T T 02 FILLER  PICTURE X(20) TVALUF YASPTS T CPA-HRS $-CDY. ° SR1020
006090 02 FILLFR  PICTURE XI[2C} VALUE * ENT-DATE CCNE  RE?, SR1020
006100 02 FILLEP _ PICTURE X[2C) _VALUE 'LIG__GRAD-DATE TrT-', SR1020

0061107 072 FILLFR PICTURE X(12) VALUE THRY T~ SZpRS T, SR1020
006120 0} FILLFR. SR1020
006130 02 S-CAnF gngunF X _VALUR -,__ﬂm~“'_ S SR1020
006140 TP LINE-CHNT  PICTURF SGG9 COMPUTATICNAL=3 VALUE 59, SR1020
006150 02 LN-=0A, SR1INPC
0661560 03 NAME-=A _____PICTLRE X(?5). SR1020
T 006170 03 FILLER PICTURE XX VALUE v 7, SK1020
006180 c3 ID-& PICTURF $§69g, SR1029
006190 03 FILLER _PICTURF X _VALUE *-v, _____SR1p20
006200 03 ID-DV-A PICTLRF X. , i "SR10720
007010 02 PAG-CTR PICTURE SSS9G CONPUTATICNAL=3 VALUE 0, SR1020
007050 01 _FEADING, _ SR1G29
007060 02 DATE-P PICTURE X(8). SR1020
007070 0?7 FILLFR  PICTURE X(16) VALUF SPAGES. SRID2)Y

007080 02 FILLER PICTURE X(24) VALUE *STUDFNT FILE PDINTCUT' , Y. SPl02n
007090 02 GRP-FLD=T PICTURE X(17). SR1020
007100 02 FILLFR PICTURE X{1C) VALUEC SPACES. SP10720
007110 02 HP-2a, L o o SR1020
007120 03 FILLFR PICTURE X(7)  VALUE 'FCR YR ¥, SRIN20
007130 03 YR-?P PICTURE XX. SR102D

___ 007140 03 FILLER _PICTLRF X(5) VALUF ¢ CTR ', ____SR1020

TTe07Y50 o3 QT e=p T TPICTURE XL “Sr1020
007160 03  FILLFR PICTURF X{19} VALLE SPACES. SR1020
007170 02 DPAG-LN, I ' SR1029

T 00T1RC 03 FILLER PICTURE x(&) VALUE ' PAGE 1. SR1020

- 007190 03 PAG-ND PICTURE 771.- . ‘SR10720
_ . 007200 03  FILLER * PICTURE X(51 VALUE SPACES.' L SR1C20
T 008010 PROCENURE NIVISTON, SR1020
00801% NOTE  —=——m GETDATE pur CUPRENT DATE TN DATE-P —m——m—m .

__-. 008020 HNUSE-KEEP ING. ' SPR1020
008030 EMTER L INKAGE, ‘ SR1020
008040 CALL YGETDATE' USING DATE-P. SR1070

. 008050 ENTER COROL, SR1020
008059  APEN NUTPUT PRNTR, SR1020

- ‘008130 MOVE *5' TO S-CODE.
008060 OPEN-F, S— SR1020
T 008070 NPEN INPUT STUDENT-FILE. SR102D
008080 READ-S. SR102D
008090 READ STUDENT-FILF AT END GN 10 CLCSE ugu_ ____SR1029
008100 NSPLY.” ) SR1020
008140 MOVE YEAR-S TD Y3~P, SR1D20
008150~ MOVF QTR-S T0 QTR-P, _SK1020
008160 CHLCK-CADE. Sr1o2n
008170 [F DELETE-S = *1¢ GO TN READ-2. SR1C20
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008140 IF S~-CNNF = AY N TN PEFR-PRT, SR102D
008190 IF SCH=CNDE-S (OTR=%) = S=CODF GC TC PER-PRT. SR1020
00A200 1F SCH-CNDFE=S (QTP-S) = %31 AND S-CQODF_ = '4' G0 YC PEP-PRT. _SP10?20
T 009010 "GN T0 RFAD-2. SR102D
009020 P -PRT. SRI070O
009030 PEPFNRM PRINT-RT, . o SRINP0
009040 READ-2. SN1029
N09050 RFAT STUDFMT-FTILE AT END G0 TO CiLOSE-UP. SPIOP0
009060 Cn 1O CHFCK-CODE. L seann,
009070 PRINT-RT, SR1029
009Nn9Q IF LINE-CNT GREATER THAM 55 PERFCRY PAG-HD THRU PAC-TXIT. SREDZN
_ 009090 MNVE SPACES TN LN-1A. o _SR1020
Te09190° MAVE SPACES TN Lh-24A, $RIG20
009110 MAVE IN-S TO IN-A SR1L20
009120 MAOVE OIV=S T I0=0v=A e seiAn
T009130 T MOVE NAME TO NAMFE-A SR10270
009140 MOVE LN-0A 10 GRP=FLD=1, SR1022
009150 MOVF SFX-S T FLN-1  MCVE_MAPITAL-STATUS=S TC FLO-2 _ SRIQ2)
009160 BOVE CLASS=STANDING=S 0 FLD=3 Sp1070
009170 ¥OVE BIRTHDATE-S TO FLD-4 MCVE STATE=CMUNTRY=S TC FLD=5 SR102)
009180 MOVE COUNTY-S TN FLP-6 MCVE VISA-S 10 FLC-T7 ___SR1071
009190 MOVE ANMTSSINN-STATUS-S TO FLD-3 $e1020
009200 MOVE SECNNOARY-SCHOCL-S TQ FLO-9 $e1020
010010 MOVE COLLFGF=S TN FLD-10_  MCVE DEGPEE- CDLLFCE S TC FLD-11__SR1C20
0100720 MOVE COy? SE- nr 'STUDY-S TO FLD-12 5P1020
010030 MOVE MAJOR=OR~DEGREFE-S TN FLD-13 SR102D
010040 MOVE ENTRA NCF STATUS-S TO FLD-14 o sp10n?y
“olo0s0 MOVE RS—GPA=S TN FLD-15 MOYE EALL-HR TC FLE-16 SR1G29
010060 MOVE WINTCR=HR TN FLD-17 MOVE SPRING-HR TQ FLD-18 SR10Q20
L 1020 A ___MCVE_CRLL-HR TO FLL-20 ~ §P1027
0100R0 MOVE GPAD-HR 7O FLD=21 MGVE SEV—HR TC FLD=22 SR1029
010090 MOVE RESIDFMCE-STATUS-S TO Fin=-23 SR1020
010100 MOVE SOCTAL-STATUS-S TO FLD-24 - _SR1020
010110 "HMOVE WITHD2AWAL-DATE-S TO FLD~?5 SR1020
010120 MOVF. GPA=PDINTS-S TO FLD-76 NCOVE GPA-HOURS-S TC FLD-27 SR1020
010130 MOVE SCR-CODE-S (QTR-S) T0 FLN-28 MCVE PELIGIGN=S TC FID=31 _SR1020
010140 TMAVE ENTRPANCE-DATE-S T0 FLD=-29. SR1020
010150 MOVE CNNFEPENCC-S TO FLD-3C. SR10 2N
010160  MDVF GRADUATINN-DATE-S TO FLD-32, _SR1n2D
010170 MOVE TOT-HOURS~-S T FLND-373, SR1N20
010180 MOVE SAT-HOULRS~S TD FLD-~-34, SR1020
010185  MOVE ‘- TQ CTL.. o
010190 MOVE LM-0A TO ROOY, PEFFORM PRANT. SR1020
010200 MOVE LN-1 TN RODY, PERFQRM PRNT, SR1020
_ 011010 MDVE LN-1A TD 30DY, PERFNRM PRNT, i .
011015 MOVE 10! 10 CTL. ' i
011020 MOVE LN=-2 TO 8CDY, PFREDRM PRNT. SR102n
_ 011030 MOVF LN-2A TN BONY PERFCRNM PRANT, _SR1029
011040 ADD 8 10 LINE-CNT. SR1020
011050 PAG~-FD. SR1C20
__ 011060 MOVE 0 TN LINE-CMT. o _ L \ SRINZO
01070, APD 1 IO PAG-CTR. ) SPL029
011080 MOYE PAG-CTR TD PAG-NN. SPL020
011090 IF S=CNDF = YA' MNVE *ALL STUDCATS' 10 GRP-FLR-1, . se1070
011100 [F S-CNOF = *41 &»OVE COLLEGE STUDEATSY 10 GRP-FLEL=T. SR10 70
011110 IF S—CNNE = 5% MOVF 'GPANUATE STUNEATS' TD GRP-FLD-1. SR10?20
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011120 IF S—CONF = '6' MAVF PSEMINARY STUDEATIS' TC GRP=FLD-1, SR10720
011130 MOVE PAG-LN TO GRP-FLD~2, SR1029
011140 MOVE FFADINMA TO BONY, MOVE *1' TE GTL, PERFIPM PRAT, __SR1020

TTT011160 FAG-EXTIT.  EXIT. ' SR1020

ot117e CLOSE-UP SRID2H

CLOSE STUNENT-FILE. SR1077
012020 IF S—CNNE = 'S*' MDVE 'e' 10D S-CCDE, Gf TO CPEN-F.
012021 CLASF PINTR,

T 012030 STOP RUNM. T s 1020

012040 PRMT, ' , SR1027
012050 WRITE PRT AFTFR (TL.

012080 T TMOVE vy TIn T oTL,
R

/7 LBLTYP NSN{3)
77 TEXECTUNKFDT
V2

011180 “Nvl 59 In LINF-CNT, _.SP1023
012010

e ___ G-62




JNR AC 000NC c2 PRINT FILE _
CLPL SYSCYH2y *RENCHMARK FTLE*yCl/CCL,ISE
EXTENT SYSG21,AUCOCC,4,1,41Ch10

TEMTENY SYSC21,AU00G0s14252C,00C T T T

EXTENT SYSP21,AUCOC0+243412C410

JEXEC €3

S ot nemse o T

PRC

3

USRS MG S

g



C4 COPY

This program copies the index sequential file to a sequential file.
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/7 J0¢ AC CCaCo C4 (CnNPY FILE FCR SCRTING
// DULPL SYSO11, '"BCNCHMARK SORT!',Q
"/_/_MF_XTE_'\‘T SYSOP?14AUGOCCy 140y 16CV1CC
/7 DL SYSOAR2, *REMOCHMARK FILE®,C,lCE
// EYT1FNT SYSC21,AU0000C,45141Cs1C

/7 E_XTEN’T_ SYSGR21+AUCOCC,1,42,2C410C

T/ 7 EXTENT SYSC21,AUCCO0,2,2,12C,10
/! EXEC C4 '

/&
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77 JOP AC CCCCC Ca CNPY STUNENT FILE
//7 OPTION CATAL
// PHASE (4,8

U7/ tYEC cannL

001010 TCFENTIFICATINN DIVISINN, SR1321
PROGRAM—ID ¥YC4'y
001020 AUTHAR, WEN ., SR1371
001040 REMARPKS,. COPY STHNENT FILE TOQ BACK-UP, . SR1321
001050 DATE WwRITTEN. SEPT. 9. o ~ L+ sR1321
T 001060 ENVIOONMENT DIVISINN, : SR1321
00107C CONFICHPATIAN SECTION SR1321
001080 SAURCE-CTOMPUTFR . [R* -1&@.. ‘ SR1321
TTT 001090 GRYFCT-COUPUTER o IAM=2£0, SP1321
001100 INPUT=-TUTPUT SECTION, SR1321
ooty fiLF-comTROL. , SP1321
70011207 SELECT STUN-FILFE ASSIGN TQ vSYS052' DIRFCT—ACCESS 2311 SR1321
001130 DRGANTZATION IS INDFXFED SR1321
' _001i1a0_  RECORD KEY IS ID-S SR1321.
TTTo01150° ACCESS 1S SEQUENTIAL . SR1321}
001160 RESERVF MO ALTERNATE ARFA. 4 SR1321
001170 SELECT STUND-OUT ASSIGH TO *SYSOl1' DIRECT-ACCESS 2311 ___SR1321
TTT001180 7 T T T T ACCESS IS SEQUENTIALLT SR1321
001190 NATA DIVISION, : SR132}
001200 FILE SFCTION, n __SR1321
TT7T002010 FDOSTUR-FILE SR1321
002020 RECORNDING MPDE IS F SR1321
002030 BLACK CONTAINS § PFCORDS . _SPR1371
TTT002040 77 RECORD CONTAINS 15% CHARACTER'S SR1321
002050 LAREL RECOARD 1S STANDARD : SR1321
00?2060  [ATA RECDRD IS STUD-REC. SR1321
002070 01 STUR-REC PICTUPE X(155), SR1221
002080 F3 STUR-NUT , SR1321
002090 PECORDIMNG MADF 1S F . : SR1321
TTT002100 7T TRLOCK CONTATINS 11 PREORDS ‘ Sp1321
002110~ PECORD CONTAINS 15% CHARACTERS SR1321
002120 - LAREL RECNRN IS STANDARD SRI371
T 002130 T NATATRECORD TS TSTU-REC, : SR1321
002140 01 STU-RFC. SR1321
002150 02 FILLER L PICTURE X{155}. - SR1321
T002160 PROCFDURE DIVISION. , SR1321
00217C RECIN. SR1321
002180 OPEN INPUT STUND=FILE SR1321_
002190 QUTPUT STUD-OUT. SR1371
002200 START. SR1321
003010 READ STUD~FILE INTC STU-REC AT END GO TC END-FL. ___SR1321
0030200 T T T WRITE STU-REC . TTSR1321
003030 GN TN START. , SR1321
___ 003040 END-FL. _ B SR1321
T 003050 CLNSE STUD- FILE TSTLO-DUT. SR13Z1
003060 STGP RUN. SR1321
/3 o \

T/7ToLTYR NSN3 T T
// EXEC LNKFOT
N




C5 SORT

This program should sort the sequential file by school code major
(position 92) then student name (positions 8-30).

o
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//
77
LY
/7
/7

/"

s
/7

TRECOAN LINGTR=({ 155}, TYPF=F

LOUTEIL BLKSIZE=(17C5),0UTPLT=N_

JOP AC 0DCOC C5 SORT SEQUERTIAL FILE
CLBL FILEA, 1RENCHYARK SNRTY,0

CEXTENT SYSD21,AU000C, 1,C,15C, 106
CUPL FIL Py PRENGCEFMARK WORK®,C DA
EXTINT SYSC21,AUCOGC, 140y 2E5C,2CC
CGLPL FILFO, "REMCHMARK SOUT',0
EXTEHT SYSC21,AUCO0C,14C,15C,1CC
EXEC CSART

SOFT FIFLBS=(92,14A,Ry22,A),FCRMAT=BI ,S1ZE=1500

INPFIL BLKSIZ7E=(1705,X1,INPUT=D

TENT
2 »
Y 4. _ _
. - T e
\
\ k
s \
A -
AY
— . - —.G-68 -
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C6 DEMO

This data is to be used for C2 to demonstrate the CREATE feature.
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// JOP AC 000CC €2 LOAD BEACHFMARK FILF
% SCRATCH PACK OM 191

// CURL SYSQ0G, 'AFUCHMARK FILF*,C1/C01,1SC

/7 EXTENT sv9071.4Uﬂnno.a.1,1P 1C
/7 FXTENT SYSC21,AUCCO0,1,2,2C,10C
7/ EXTINT SYS021,AU000C¢2,3,12C,1C _

T 777 ExfC c2
NEWFILF * DATA CARDS FOLLOW THIS CARD )
00087TRUCTICK,ALFRED W 12112043047 02104 90 " x)172y
TTTTO00965C0RN, JANILF ) 2201C246C3¢ 02114 90 X171
001R1EENCL ISH,ENYIN A 12020631213 02288 85 X 1724
002644HAPT CHARLFS LFE _  12C7C643015 40939787193 1 21 1724
TT0027RCHITREP T, AP THUP 126031235111 027284 90 ' X172Y
00391 7LY7 ANCHUK TWAN 1203023102 5241 0539399999 1 21 1724
00AT2EWHITE, HNWARD 12071046015 02784 90 _ XN
007425 URNICK  VIVIENNE CAPDLE ™~ 721162643025 02152 90 X 17on
o 00754 THANMAH PAMELA WEISS 2504CH46C252440930199GG9 1 21 1774
009304PANKS JEPRY DWAINE 1202044950252440930212340 7 2V 172
T009864GROINANICT JOFN 1206C138C1S 4063 14304 1 1 172
Q103RSCAMPRFELL SAMUFL GEORGE 121215322433 02152185 172N
OL106TIVAY CUIMEN DNNPOTHY H 22C5C12RC2524 0930320914 1 21 172w
TTDI2314HINCGKLUFEY CRARLES NETU 712060334655 41135210942 0 0 17 21 1724
01302 €SCHNUN, RIN 12C&C242025 N2284 90 X174
01501 7KFARNES MARGARET S 220G0742(0252440930722569 1 21 172
D1SBGEVANTAY AN L ARRY AULEN 12C831450064 22284190 1724
016465WR IGHT WAYNE K 120523370254 02179190 172N
017414SHULE® CARRELL VICTOR 1205€3470252440930210116 1 21 1724
T 018284PAPKER TARNA MAETT T 21080741011 46632289398 T -3 I b 1Y
O1R7355%[TE GPRNON RAOY 121027490254 02142190 1728
__ O19187CANHON, PAUL \ 12010441043 02284 90 _X)72N
TTTT01941 6FOWLER,, JrENT 12C51535041 18284 90 X172N
01980 TJULE HAYNE REUBEM 121€06410264 27152190 1700
02024 4UMFK MARK ALAN 1104C8450252440930224110 2 TR & T
T 02242 TRUBNTSAKAE T T T T T T T 20 705260252440950289198 1 T prev
02264 TMFT7GER JAMES IRVIN 1250739025264 0930520110 1 21 1724
0230€67SMITH C RQY 1208052602 5244093 €4539198 1 21 1724
T 0248YERHOTES, GORDON 121C2122026 10179 90 X172
Q255585MONN DNNOVAN LARPY - 121113450254 02179190 172N
025T5SPLUE,PUTH A B 21€51949025 02103 90 o X 172M
TTT025774RACNSTIS RUTH ELLEN T 7 21C3CS4R025254 0930220175 27 217 Ti7ov
N25844°0W WENNFLL NETL 11060647C2524409402105N8 1 21 172%
026314RATOSTIS RANITFL JERRY  11CEC25002524409302720165 1 2 1774
TT026334SHACDUCK TERR IEANN T T 21C6C8500252440930210914 1 21 172%
D266635MITH CHANA 1771
.026T04HAMFL GARY PAUL 110111540252440910221355 1 21 1724
TO26894JNNFS MEREDITH JOY T~ T Z21IC111640252440910210130 7 T -2 D & P
026904JNRCAN THIYAS JEREMY 11010254025244051 0290999 1 21 1724
_ 026974PFGFSTFR “MARGARFT E_ ___2101C06540252440910790762 1 21 172+
02694407 RRENCA JEANTTTTTTTT 21C10653C252440310222569 1 11 1724
027004RFLL RNSF ANAA 210311520252440930222569 1 21 1724
02701459 TTH LARPRY ARTHUR _ 11050551 025244 09349215573 1 21 170w
TTT027034LEE STEVFN HUNTER 7T T T11€3C6530252440930229999 7 T T T o0 7T T 1 70k
N2T1Z4CHRISTOFFFL JNSEPH L L104CT5202524 DG4022015% 1 21 1774
027164HERCYAN G DOUGLAS .. 11C412520252440930210116 1 2 o 17em
o 027194V ITRANN FOWIN JUSTUS 11C6C5510252446930224171 1 21 1724
v 027204L FE BRUCE ELWIN 1104C5520252440930211512 1 2t 1724
——— : 6=7Q -
Q .
EMC © . -

\ '
1
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027214L1°P1 PAUL STEPHFN
02722 4NFUSANY HANALD ALAN

L. D?T264SPICFR NANCY SUF
0273448 AUR0 STEVEN DALE
0273R4ANTISRFL DONALD GRFG

027394CAMFRTH PRUCT NOPMAN

027444JNCNAN CANTACE MICHELE
O027474RECFSTFR RANNDY CENFE
027834008 TAD PARCTA LUFTTE
027S64RASYUSSTN KEMNETH E
072R404CACL FY FRWARN ALLEMN
__.029437L1°P 1 MNPMA JFTT
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040694CHR ISTINSEN JUNTTH T 211CC65206252440936287598 1 21 172

TTT0ADTOECHAMAERLAIN LYLF AMDS T12C52P280354 10284190 172
04D89TAL FYANDEF MARY NOAKES 22C710220252440636799198 1 21 172
____041B14CU POSE RICHARD r . 1iC11052011 46619012342 1 11 172
042974COLLTHNS FOARCIS STEVEN 1206054502526440635424151 1 21 172¢

043444SHITH DARPRELL HARR 1103C13302526449349710125 1 11 172%

04393 ¢F0OLL MELVJM F 120530370154  022R4187 I & &4

TTT04424ETRIPD M IRTAM 21080912025 162284 99 X172

D47V LEPNRINSON, JOHN 12021425005 24284 90 X172

O __OAT3ITREAVFS, BFNJAMIN. 12112232036 14284 90 X172

T04T753ENEMRHARD, HILAER T 12CR232C0243 062 R4 85 X1 72N

047714DOUCLAS YVANNE TANTHE 2207C94C0725241 0839989198 1 2t 172

. O5121&SAMMS RORERT NSWALD 12051235243 08284185 o 1722

TTTTO51344JARRARD WARREN LEE 1206104702524406940421553 1 21 172v

051714ALGFR NWIGHT EUGENE 120412 46C0252440930314931 1 21 172

____052304HANN JULTE M 210401520252440930220914 2 11 172+

0529TERRICGES JOHN THOMAS 15C5CB4CC194 18284199 1775

054764WITT CARPOL JEAN 2106124502524 0939710724 1 21 1724

05621 6STPUNTZ YUER GEN 120425470254 02284190 172N
V5681ECNFFY AN, CARL 126512220C5 16284 995 X172\
057274REFCFE CARNLYNE JEAN 22061144C252440930740981 1 21 17214

___058264LINCOW CANIEL ROSWELL 12050847055 41130820251 1 21 172

059174YANCEY CAVID RUGH TTT120€1246C16 40740712342 ? t21 1724

060TT4MASSFMGILL PAUL PARERT 11060747016 40730720155 1 11 172¢
06153€EGADSOE, DONALD 121203371113 08284 90 X 172N
062364CAMFRON LAND EVAN 1103015230252440930271508 1 21 172N

0624045 I8MOMS CFON 110312520252440830229999 1 21 1774

062634HO0OVER DENNIS ROY ~  1103C7530252440930214304 1 21 172

062964L FCFUETTNER THDMAS £ 121308470252440930610108 1 21 172

063214SK [LTON ROBERT XENNETH 11130747034 44137534185 1 11 1724
06344 4"AK T TALVN DAVID _1204035002565405 9710105 ? 21 172V
06347 4SHEL INE SUSANNE PAMELA ™~ 210405510253840930522569 1 3] 1724

063936FASLEY, FLLIS 121C0634048 70284 88 X 172N

_ _DB44FEHITLALL, 8ARON R _lgg§96?8515___9625>“8§ X172M

06473 7HINT PAGER WILLTANMS 1207€71902 5244 093 97A9198 1 21 172
065164HUNT DENMNIS RNGFR 110406520252440930234134 1 21 1724

065174004 RPNHERT STEVFM 11030850025244 0530211329 1 21 172
06541 FRELTZ MYRON DENNIS 111165480384 02284190 _ 172N

- 0L5T44HARENTICKT L INDA JOY 210303530252440930223798 1 21 1724

D65B94F1SK DARYL CRAIG 110203530252440930210110 1 11 1724
066014wILLS RGSEANNE 2103C8530252440920219999 1 21 172
066294MICDAUGR RUTH MAP IE 210602510252740930622569 1 71 1724

067394PSTER CYRUS KENNETH 1103C5510252440930310502 1 1 172
T067944FRIESTAD RARDARA JFAN 7 721031053015 4063 C499999 1 11 1721

069804KNUDELF MARY E BRNAOKE 220704250252 74C949TRB9198 1 21 172%

___069944S5HDW KATERYN LAPT  21C11C540252440910214306 1 21 1724

070594 ASHRIIRN HAPDLD THOMAS 11040846036 41938020165 1 11 1724

071044KL INGER, DONAL D 12C12847016 02284 90 X172N
G=87 .

E]{j}:‘ - e e 3

v [
Full Tt Provided by ERIC.
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0712N4%0OLF LNYERA L EF
071964CATHCAPT CAPIILYNN
CD7249CHURFP, DAVID
0746"0’151"3[*\’6”? [ [Nﬁs‘\ JDV
DBNEYLFRNST GERTKUDE ELVIZA
_OBL23TRETIFFER U2 JCL JONES
VBAGGLERNNSON AMMA KATHLEEN
083504KILNEBRAND RRADLEY €
_ DB3IGLARASCH -
T DBALHAMARDPFR CLFLL JUL 10
O8ETLHARDEP DUANF JUAN
__0B3BIARETICHF STEVEN P

___0B5304SMITH DANIEL GEORGE

0840TAYCCLFLLAN PAMELA JEAN
084144RISK CERRIF ANN

_0BA4214STREFT CREGNAY RANDALL
T 0B4504SCHARER BRIAN EVFPETT

084514SHADLE® ANTTA PARREN
_ 0846644 TLSPN YVETTA WPEKS

T084794BAKER SALLY AMME
0848641L0OYD DONALD LFE
084874RITZFNTHALER BOBERT J
085094KAMP NL IVE [LENE

0BS4T4RBURL TNGAME GARY M

085594RTTLAND STAMLFY MARTIN
085844HNDGE ROLENE JEAMNETTE

TORS8T4CALLARD WILL 1A% GLEN
086144Nn0p MARGARFT LORRAINE
oqoaaaLxsxr cnnAtir RUTH
NG2T14MILLS RONNY MARJE
092314SUSENS DAVID MORMAN

09236A%TNRERP G DAN TEL EUGENE
0931942ETTERFR DOLFMDA BFTH
0932145TCKFS KEVIN BARRET
096604 CUGREN LOUTS JAVF S
097004PTFRSON PAULEEN-KIT
__097074PL 0NN RARBARA ANM
T097364MULL IN TIMNTHY JOE
09T604CURTIS GARY R ICHARD

099034NEWRERRY DOUGLAS R

1012745CHYTD MARGTE FLATNE
101564R3RACKMAN FRANCIS CARL
10201 A4CARLSCN BRFENDA LEF
T T102074PNBINSON LT INDA VIVIEN
LO21E4TNTLLER JOHN MARK
_102534CARC NANCY AR ENF
1025446G0ERTZEN LOTS ARLENE
10261 4MFLLOP JOSEPH DEAN
102834RENTON SUZANNE GATL

TT102644SCHADLFR MICHAGL LFE

102734HILL RICHARD LLOYD
__103114FANES LESTER MAXWFLL
103394RERLTN NANTEL L UTHER

103714GRENTZ? WERNER

RANEALP F FPITZ R

085064JCHNSTON |NBEPT FENTON

BARRETT

2106CR51016
210501480256040939914304
L. L1CR2P4RAIS, 02284 a0
21051147C252440930722569
2107I0444025246C0939722569

4073Nn21150848

22C6085]10252440940R22569
110104520252440919721599

110312520252440930214132
_12C1C5540252440910710110

22041021025244G0939714116,

110311520252 74CR302225£9
11€312520252440930219949

210410520252460930514116
21C6C6510252440930220155
_11040252025244092 5220109
11060648016 40939714247
220501320252449339720959
2104053602 52440747427161

210107540252440910299999
110403460258240930120110
__120£0346036 40738014304
110111530252440919212303
21010652015 409105225069
_11CeC853005. 45730212342

T1101C5540252440910214905
11C401540252440930221553
. _.21030454025244G94052014]
210412510252440930210914
_210606410254540639722569

11C11253025244C9107 99999

21C1C654025241 0910719999
21C€C2450256140930522569
110£66S49025264€93C32Nn110

T11GEL148C256540940511508
2204C345C252440943620151
11060550007 42239710119

T1213C063C111T 109239920965
2106105002'744O0305?412’
_21060245025234 0930520959

11€41252025244093C0221512
11C5C7480257440530562184

12C6C149025711 0939724136

21060445025544093 0624171

11061148005 49349720138
L _21C311530252440930520148
210202536252410920219909
120210470252440930562984
_21030553C252440930222569
T 210601510252410930214304
1204124902524409302 84598
2107 £520252440930219990
11€212%20252440930527957
1106125CC252440930210134
11010953111
1101153025244 091 02 99999
11C4C1450256440930521557

12519930189

1 11 172v
1 11 1724
e X1 aem
2 21 1721
1 21 1727
I 21 1724
1 21 172¢
1 21 172
R U 3 S S 22
1 21 172%
1 21 172¢
1 21 A7
] 21 172
1 21 172
1 11 172
1 11 1724
1 21 1724
2 21 1724
1 21 1724
1 11 17214
&, N Y-S SN W
1 21 1724
1 11 1724
1 11 1724
1 21 172
1 21 1724
v 2l 17
1 21 172
1 11 1724
1 11 1724
1 21 1724
1 11 172M
1 2] 1727
1 11 1724
1 21 1721
1 11 172M
] 21 172M
1 21 1724
1 11 172%
1 21 172
1 21 1724
1 21 172
1 11 L72M
1 11 172M
1 2l 1724
1 11 1721
1 21 172"
1 11l 1724
H 1 172M
2 21 172"
b2 1T
2 21 1724
1 21 172%
1 11 172+
1 21 172+
1 21 172w~

G~-88
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10451 4R TTLAND JOHN MELVIN 1101C755025244N91 0299949 1 21 1724
105544STANTON WARREN D 14030444025244093071091¢ ] 21 1724
106 134HNLNBAUGH KAL Trp_ W _ 11060248043 49339720105 1 11 _ 170w
TTTTI066T4HALL HELONTE ANE T 2103C353243 28539914116 1 11 1724
107994NLMSTEAR LYNN LERNY 12060142036 49338020136 1 21 1724
. 108294%06LFSKE JOFN MICHAFL _ 11C8C547025244934GT8939R 1 21 1724
IDBAILANDERSNN KAREN LYN L 210101550252442819910117 1 12 1724
10981 40ENFILLD KEVIN FRED 12C6C65CO15 40630411510 1 21 1724
L09974REIRERT ETHFI MARTE  2106245CC250L409205225 o R 5 S & 2
TTTLI0234INGERSNLL HFLEN MARTE '211?cz)cozﬁ?44oqanr2197ﬁ 1 - 21 1724
1103140 AMCFE PAUL EMERY 11061050043 4393146722569 1 21 1728
L10374CAVIC JANE MAPSH  220€C44SCL6 40720722560 1 21 1704
TTTTHI04 LAMFRL HAUSER DENN 1S © 110£065002548408305720108 1 11 1724
L104TA%ARTIN JANTICE P 2206C152111 12839914304 1 11 1724
110744SHFORAR D WILL TAM 1206045C053 40931111505 ! 21 1729
0T TACTLFRR MART IN PARERT T T 11060450025244C933534 ] 865 1 21 1724
111174F0RD JAMMELLE AKH 21CEIC49016 40730722569 1 11 1724
L11537000MSLITER WILLTAY F 12041137025244C920510110 1 21 1724
LIT614FURON MEP ITA SCHNFINED 22C5C4230252449339710102 1 21 172
111674LOEPORP FRENDERICK JAN 1104025001 46639710104 ? 11 1724
11200 76N GELK FY [£ DON 1208033302 52440630709393 1 21 1724
I12334B1T2ZER MERLIN DAVID 7 120607410252440939722569 1 21 1724
112374NDAVIS ALVIN L 1106C951043 43739710104 1 11 1794
11251 4HR IGHT WINOMA DAWN 21 06095C0253640930122569 1 11 1724
T 112634SUNDIN JACOUFLINE RAE 210€CS450252440920520959 ? 21 1724
112864HALL STEPFEN JOMN 1106C1500252440030534 185 1 21 1724
—112B74HALL THOMAS FRANCIS ~  12C606510252440930512342. 21 172
T IT4TI4DINNING DONAVAN BR JCE "1105C449005 46137710136 1 11 172M
114744FLL ISON VIVIAM LILA 21C6125C015 10630822569 1 11 1724
114974HOHLERS MARY KATHLEEN-“  210603500253140940521976 NI R § £
TIN5 23%SANACK T 30K UDSER TT12C6C549034 44147414129 1 117 172y
115694HNWART JANE MM ICKAM 220€6C146025241 0839922569 1 21 1724
1161 14SCHACHT DELMAR NICK __1205C35C055 41130812340 1 2% 1724
TTT6904R INGUER L ARRY DOUGLAS 5 10401500252440935790107 1 21 1724
116964USHER WILFREPN ADAIR VICE1272009 43737811319 1 11 172M
_LL717ATAYEOR LYNPON DOUGLAS —  1206C3500252440740423108 1 21 1724
11744400 TIUER "JON MATTHUM 11040452 025244 0930270155 1 21 170+
1180745P IVEY ARMEL LYNM 11021C530252440930799999 2 21 1724
L18094MAZDATSKEY PHILIP N 11€10653025244 910299999 1 21 17>t
118274FALCONBRINGE VAIDA ¥ 777 772103125302 5244 R43 5930190 1 21 172m
1184140 CHANAN GERALD DUANE 110512490256540940110905 1 11 1724
LIR634RUTCHINSON ALICE ™ 21060251024 49130220155 1 11 1724
1186 64D IXCN JUDY cavn(” 2103115202582409301 84598 2 11 1724
11B864SCHUCK TERESA MARY 2102€8530252440939799999 1 21 1724
L18964RUTLER JOANNE MAP IF 210107540252440910229999 1 21 1724
T190€4STAGG RICHARD KTIPK ™ "11011253€258040910291508 1 11 1721
"119074STRUM DERRA KAY 2101C154025244091N217122 1 21 172¢
L19264HUTCHINSON MARION H ~ 25C2032R02524405% 7520122 1 &1 1774
119704HOYTE JUCITH VFRNA—VAE 210604530356 42030222569 1 11 1774
1197¢4SAUFL JNSEPF GENRGE P 11041251015 40630214920 1 11 S172M
1200744 ILLS -FARLE MA® SHALL 1106GB51C252440840214204 2 21 1724
12014497AFRTS CHERYL CUARKE T 22061048025244 0945710130 1 21 172
121814RTGFRS JDHN ERNEST 110£0550C15 40830211508 1 11 1724
. 122014HARTRAUER CHRISTINE A 2104C752C25244C0930220144 1 21 172%
122844A00DAYS MAD SHA AMN 21C6C650015 40630414304 1 11 1724
123174JORSON ELAINE J 21040753243 28539910132 2 21 1724
G=~89
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123904A° ISTIDF M ICHEL INFE 22130147215 285399272569 i 21 172M
125964 CATHCART MARTLYNM 21C40148C256040930322549 1 21 172M
126394 ANTRFIKA STANLEY ALAN _ 1106C450015 40639721355 1 11 17724
T 1?6404ASFTHM DAVIR FRENRIC T11C€0251C2565406401201709 1 11 1724
' 26434BNUCHARD RORERT FRANK 110608510306 41833214128 1 1) 1724
1?644QRRENNFISF HABVEY RAY  11C6C151005 45735314119 1 11 1724
TTT126544FARVER LARNA COR INNE 21C&C251043 43931424122 1 11 1724
126E44KTJAK JOEN JR 11060651034 44131411508 1 11 172M
126694NTTOLAUS . VICTORIA S __210€C251039 44239720959 1 11 1724
T TY26794SCHRICK EP GFNRGIA F 2106C451055 41139714130 1 11 1724
126904V ANPRELLF DIANE K 2104C45) 025604 0940110419 1 11 172M
126974CN00CFILD OMEATA LYNN — 21C610510250149339722569 . 1 11 172M
TT127064W TURYRN MARK T JAMES 11C506510256540930529955 1 21 1724
1271441 INCD ELLEN FLTZABETH. 21C6C448011 4 39810122 1 11 1724
127364ANTERSNN SHARON ESTFLL 2106C751016 42039711705 1 11 1774
127404CHELF JUNE LYON . 22041051017 44637R19999 1 21 i72M
1274147 ESERAUL DONALD LEE 110512510257840930114130 1 11 1721
. 12751 4KRTIGEL K IM murRy _110604500256540939714119 1 11 1724
TA276T4BARNEIRST CARLENF HART 22060172C15 4C639722569 1 21 1724
" 127874RAKER JNHFN DANTEL ., 1106CE51{134 40930310128 - 1 11 1724
127894PONNTER L INDA LnlﬂSF__w_w_310“0881CSﬁm_ﬁpqg9]l?§9§ 1 11 1724
TTTI2T914CHAN VINCENT KUnk=1 11651046221 29339967184 1 11 1724
127944MCCLINTOCK LAVAMNA LEE 21061250043 . 43941424134 1 1t 1724
_1279640STERYAN CHARLNTTE M 21060451045 4693 __ 10104 1 11 1774
TT127974SPRUILL TIMDTHY EUGENE 110608)1O?J?640940310105, 1 11 1774
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SUPPLEMENT TO REQUEST FOR BENCHMARK

Purpose

Since one of the major academic functions of the upgraded computer system
will be to process large statistical batch jeobs, we feel it is useful to

have a demonstration of the proposed system capabilities in this area.

Provisions

The statements contained in the '"Request For Benchmark," dated December

11, 1972, in paragraphs "Purpose," "Time Frame," and "Evaluation of Re-

sults", apply to this supplement as wgll.

Applications Package Test

Data enclosed, "FéJfAQTOR,"'is_to be processed using the FORTRAN statisj

tical subroutines>proposed for use at Andrews University on the bid sys-

tem. Make coding changés as requiged to process data.F6. Submit a-list—
ing of £he programs as executed, compile-throigh-load time for each pro-

gram. Timing is to be based on the system interval timer (make coding

changes required for its use with each program).

G-92
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F6 Factor
‘This data was prepared from 222 responses to a 128 question survey
questionnaire. The responses were cpded from 1 to 5 on a ascending
, ;cale where 1 was an unfavorable and 5 was a very favorable response.
Failufé to respond was coded as a 6. Each questionnaire réduired two
. ’ : . . )
80 column cards for the 128 questions. The first tﬁo Folumns of each
card were reserved to indicate whether the card was the first or sec-
ond in tﬁe set, Columns 3.through 52 on card one contain data for the

first 50 questions, and columns 3 through 80 on caxrd two contain data for

the remaining 78 questions.

The data should be processed using the factor analysis routines. which are
part of the statistical applications package proposed for use on the bid

i

.system,

Desired output includes (but is not necessarily limited to):

e

l. Means
2. Standard deviations
3. . Correlation coefficient matrix
4. Tigenvalues
J .
5. Eipenvectors
6. TFactor Matrix
7. Variance of the factor matrix for each iteration cycle

8. Rotated factor matrix

9. Communalities

ERIC o 6-94
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Please retain 10 -eigenvalues for steps 5 through 9. Please submit a

listing of all programs as executed.
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WM&MM_ .

1 424645215552515322424154242445555222252252233222 443
555522263455545555341135425223313422555424]1 15534552444212344545125525322322551
12314212534525543525155151255555112151352251213335
55466541 53455544555523455515144%15535555525125145553555277555456125555536515543
13422112342523512212125121324152112121342131211211 L
254512241525232215211222115121311511252113115212532115114532212113413211214511
12534214512512111115.45122455555111151152451311133
554522151135435555521215215111211312555525215513552515112215555115525521112531
22323213433422372223223242354754222341343251432225
453913242344421234221425224242732133034224212442443333421321452312244433232244)
213251155225315332333242121245455112433352252222235 )
'555533333355534555543234424222211523554433224234543474122533432113515331222131
244333135 )zsx 5422151452641245254113252552251211145
555212154555535535%31535215132422522553325115511552325112235553125515422422551
344241135 3351”4?4431?44?3?15r%621133?3)5?351j23?33
3553221333444233345331134325222222323354325113323422325211223342115535331123251
23544114554513514223154133245553111443553451222222
555511151145431345431213215122423513353315115523541335111354343115513316112251
43235213532214441124134222245452212341352341212222
45543224223534244442122423251122124224555211153224435151113454421254235123225142
13223113543523524214253242225445211344552232221243
555622143555354545432233335222221332554412123432542334212234551124524434222247
23423214553522532345155221134254112253552252322333% ([
55652322334345535555212132242332225335555251232213553535222355452124523522323512
23522113232423211212133121233332123231132252111513
333222132225335331221234315124211222453323214223452114312244232114434421111262
32633114542515433315155351245555112256633352512233
553313552231442555331a;c415331332532555513112333244525113255333235423522223422
522113533513533325155652155555113551251151111212 e
sssr121c133ﬂ5=1%2=511111214174511%11555r1311441455%535111215341114555516111224
234561135225134233151451213455556122523523551321333
555533241445555555521224515111211513555512114312552525213345242114534515213453
'323321442252233124332413132343454123232232341332324
3534232333444333342223334242223232233444332234334643422223334353224333322223333
1 12445333522515432222255232444455436444354613332343 _
T2 355422233334443335432242225344422444352222244432344345333333343225523223422421
1 32442423453323421134144131224242211232251121111423
2 45241112645444244444121222241122112124433246112422442224212224422113644421312431

P

2 A i SZas b

Ty P S o T L L T Ty

r-mv—-‘r\:r-a.\:v—-m;-"m»—-f\ar-mv—-\:r-m-'—f\:—'\:.-mvwm'-m-m.—m--"\)

1 13525411435525335514235141134255211343551251232254
2 4445271522454334335432213315222222332443324224434454455224233342225344221214441
1 31432134234443443424445643332345324252443455522344 ]
T2 444434442493424544326443441423433441344332422432433242433443344422442343223343]
1 13445112423433211313141121155254113441141211111213

2 354412151125433424511233315111112113422215113113412111211313342214434213211441
TT172223512552252453231325512312233555123342352145322333

2 555533251133323545522253114111111415555555115523555515312513352214325526113231
1 23524112532524522313145141125554112431152221113313

2 3554431515454322455221252151335224143555241143135425153013425521114555424311341
1 22314223453524532425125231255244223343252253412244
2.55542313222%4435444112347225234422423552225124322542235122322332125534422413541_
33262213322333332323255223233432123333332222322233
2 35322223332444333332223332322233332335553322321333252322225333332233332322213¢1
1 36363666531616661113166221233332121132242241111223

,_-

27355422131245313335211313214122311412356414113213331414113334343114413211321231
1 22313113443422313113133232333222112331232121111323
2 33331112247443591451122311413321231144332151131224313131132%3133113134411211311
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Xerox Corporition

Travelcr's Bidinn, 15 Cloor
20505 Lvergrooen

Southlicld, Mictugan 48076
313 353-4200

5 January 1973

ilre Leroy . Botten =
Director, Computer Center
Andrevs Unilversity

Berrien Springs, lichigan 49104

Dear [r. Rottent

Xerox has at your reguest undertaken and executed
the Andrevs Benchuark Study. This briel report

hage becn prepared to convey the procedure used, the
equipnent employed and to present selected summary
results of our efforts. The primary purpose of

the study was to demonstrate the capacity to execute
the rupplied programs. Ve feel that we have met
this objective. In addition the completed output
contains a substantial amount of ‘data that defines
quite accurately what occured in the system while
the programs were being executed. No attempt has
been made in this report to provide Andrews with

a complcte explanation of system operation during
the test. DRather we have relected for presentation
those results that we believe to be of general
Interest to the selection commlttee. Fhould you or
other members of the commlttee desire further
definition or explanation of the detailed technical
aspects of the test, I will arrange the necessary
presentation at a mutuslly acceptable tine.

The accompanying report contains the following
sectiong.

I. Equipment Configurabtionse

IT. System Tuning Parameters
ITI. The Test Procedures -
IVe Summary of Rersults
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The Appendix Material Includes:

Ae Touipment Lists

3, Test Procedures

C.e Program Source Listings

D. Execution Listings

e Utilization Analysie

F. Basic Languaze Teste

G. Time Sharing Users Terminal Output

.

The mxnir material Includes:

A. DProgran C3 execution and output listing

B. Program F6 execution and output listing

C. lMultiprozyamming Run #1 - Dual Batch, no T/ ucers

D. Nultiprogramuing Bun *2 ~ Dual 3Babeh, 5 T/8 neers

E. Single Bateh Stream F2 - F5 complle, load, and
execute ~

Yours wvery truly

A

L. D, Felton
Account lManager
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Andrews University

Penchmark Report

-4 Developed by Xerox
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IMTRODYSTICH!

This report summarirzes pertinent aspects of
the Xerox execution of the Andrews benchmark
requeét of lecember 12, 1972. The report con-
tains the following sections.

T. Equipment Configurations
II. Sycten Tuning Parameters

III. The Testing Procedures

IV. Summary of Results
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I. Eouipnent Configurations

There are two varlations between the equipment
ucsed to execute the benchmark programs and that pro-
posed for Andrews University (as defined in the
January 4, 1973 configuration and price revision}.

The first variatlion results from using perepherial
devicer that are not identical to those proposced for
Andrews. The line printer used for the benchmark is
not currently offered by Xerox. The Model 7445 printer
used in the test has been replaced by the 7441 pro-
posed for Andrews. The 7445 was rated at approximately
1000 lines per minute while the 7441 is rated at 1100
lines per minute. The time variation between the two
should therefore be negliable but improved print quality
can be expected. DBecaucse so few cards were punched in
the benchmerk (the only cards punched contained job
accounting data) no significant variations should have
been introduced. All other perepherial devices were
the same model number (or of the same rated speed) as
those contained in the proposzl. |

Because all detailed system performance statistics
gathered by the operating system exclude actual
perepherial device time encountered by the symbilont
system, the only variation introduced by differences
In rated perepherial speeds would be caused by
changes in the pattern of 1nter#upts and differences

in the end-action processing for thé different devices.
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The combined effect of these differencss are likely
to be undetectable.

The second potentisl variation is from differences
in the number and type of I/0 channels, I/0 ports
and the position of the perepherials in the priority
interrupt heirachy. The effect of the varlations
in CPU time should be extremeiy small but they may
cause differencern in such values as I/0 walt tine.
Because the Andrews proposxl currently cantqins an
I0P expancion feature we would not anticipate any
significaﬁt systen performance variations.

In summafy the equipnent used for the benchmark
tests very closely approximates the proposed equipment.
We believe that the benchmark results are representative
of the fesults that Aﬁdrews can expect from the equip-~
ment currently under consideration. Lists of the equipment
propored and used in the benchmarit are presented in the

Appendix (Section £).
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II. System Tuning Parameters

UTS 1s perhaps the most complete time shéring
operating system avallable from any compupef manu-
facturer. As a result a number of operating system
characteristics have been identified that can
substantially effect the manner in which the systea
performs. To permit UTS to be "tuned" to a specific
custorers needs and operating environment these
characterlstics have been set up as variables. A
uger may (after measuring system'performance with
various settings) control the performance of the
system by changing the values of these variables.
Xerox has made no attempt to tune the system used to
run the benchmark programs. An attempt to replicate
the results of the benchmark should be done with
systen contrgl varlables set equal to those origilonally
employed.

Subject to the limitatlons above and with
potentially minor adjustments introduced by equipment
varlations Xerox féels sure that the Andrews equipment
when 1nstalled will yield substantially the same

system performance.
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I1f. The Testing Procedure

In general ZXerox vliewed the benchmark as a two
phase effort. The first phase was the converslon or:
preparation of the te=st programs and the second warc
the execution ot the programs to obtaln the necescsary
operating statistice.,

- Xerox approached the prozram preparation effort
by employinzg two diffefent gfoups. The Applications t
Systems Divislon (the group currently estimating the
Mdrevws conversion effort) was used for COROL con-
version and Tor setting up the packaze used for the
addendume. Thié wae done to take advantage of the
speclalired skills of the individuals and the ready.
access of computer roowm facilities. The remaining
programs were made ready by technicel members of the
Detroit orfize using the time sharing facilitlies in
¥l Segundo, California.

Xerox has currently designated a group in El Segundo,
California, that has as its prime responsibility the
execution of cﬁstomer requested benchmarks. After all
programs were prepared, they were gathered in El Segundo.
and executed according to the 1mplémentation plan
presented in Appendix B. This test procidure was

discussed with members of the Andrewis staff prior to

i1ts implementation.
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IV. Summary of Results

1

The results presented have been keyed to the test
brocedure presented in the Appendix (Section B). Both
the test procedure and these rerults have been ordered
to follow the.sequence-in the benchmafk rquest.‘
gggzgggggnwgggtv(éest procedure IQA)_

Source listings of COBOL programs Cl, C2, C3, C4
and FOATRAN F6 are presented in Appendix C. This
Lppendix also éontains a description of the software
packase used for F6. COB0L program -C5 is a sort
and was developed with the COO0 version of the Xerox
SORT packame. The only effort expended was to punch
the required control cards. As a result no conversion
effort or source listing has been provided for 25+ The
effort required to prepare.the'remaining COBOL programs

for execution is outlined below.

Program Number Translation Number of Minutes of
Attempts Hequired Tests Required Analysts
Tine
Cl 1 0 35
7 2 2 (one each) 65
C3 L 2 90
ch 2 1 30

All program changes were input via a teletype on a
time sharing system. Tests and translator outputs were
~returned via remote batch terminalf The analyst per-~
forming the conversion did not enter a computer in-
stallation durinz the conversion period which spanned

two days.
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In order to provide the ahove listings and a
base point for subsequent reference, programs C2
through 25 and F6 here run in a single batch stream.
The results of execution of €2 #1, C2 #2, Ct and C5
are presented in Appendii D. Exhibits A and B (=see
accompanying binder) contain the resuits (including

[
output) of executins C3 and F6 respectively. apperndix

B, Exhibit 2 contains the result of running a Xerox
Computer Utilization Analysis. Exhibit 1 of Appendix
¥ defines in general terms the Xerox Computer Utiliza-

tion Anslysis Program.

Dedicated ¥schine Performance Tests (test
procedure IIA, IIB)

The results from steP II (A and B) of the test

procedure are outlined below.

Program Compile Time Execution Tinme

Tine ~+ 78 less than .1 sec 40.5 =econds
Sharing Cl one¢ second 108.5 seconds
lode F1 one second - 14.5 seconds
Baten B8 less than .1 sec 38.0 seconds
‘lode Cl one second ~ 108.5 seconds
F1 one second 14.5 seconds

A performance analysis for the above ig contained

™

iﬁ Appendlx E as a portion of Exhibit 3.

Lansuaze Tests (test procedure IIIA, IIIR, and IIIC)

The results of this section. were obtained by stor-

ing input data on disk packes.. Listings and output data

for Baslc prozrams Bl through 37 are presented in

Appendixz T,

G—ll3
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COBOL source listings are presented in Appendix <.
The result of executing thece prograns 1s“présen£ed
in Appenﬁix D. The output from C3 }s presented’in
Exhibit A. Appendix E, Exhibit 2 presents an analysis

of this sequence. The values observed were.

Program Elapsed Time CPU Tine
c2 48.0 =econde «39 minutes
3 30.0 ceconds ~ « 20 minutes
ch 15.0 seconds .05 minubes
C5 25.0 seconds 12 ninutes

The observed compile through load statistics for

the progrems F2 through I'6 are as follows. i

Progran Elapsed Time CPU Tine ,
F2 43.0 seconds .60 minutes
g 13.0 seconds 13 minutes
Fly 10.0 seconds : «11 minutes
F5 - 15.0 seconds .13 ninutes
76 i4i.0 seconds 1.95 minutes

An analysis of these tests is included in Exhibit
3, Appendix.E. Exhibit-E contains the output from the
executed job streanm.

Multiprogramminzg and Concurrent Processinz Tests

The benchmark request asked for four separate tests

to be run is this environmept. Each test was to recycle
: ]
each of two batecll streams. The numbers of time sharing

users was to be varied from 0 through 15 in steps=s of 5.
The observed results are as follows, | '
Test 1(no time sharing users) Elapsed Time  CPU Time

COBOL sequence time (CST) L min 3 sec 55 min
Fortran sequence time (FST) 7 nin- 5 sec - 2.39 min
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Test 2 {5 tihe sharinzg users)

COROL seguence time (CST) 4 min 24 =ec +55 min
Fortran sequence time (FST) 8 min 29 gec 2.41 min

Tests 3 and 4 were not cémpleted due to the.dlfficulty
of arranging for the required nunber 6f terminal users.
The terminal user éutput 1s contained in Appendix’'G. A
compufer utilizatioﬁ output report for each of the above
_tests_is conbained in Appendix E as Exhibite 4 and 5
respectively. Exhibite C and D contain the actual

output listings from these two tests.
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APPENDIX A

Equipment Liet
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Equipment Liste

Lben

Operating Systenm

Central Procescsor .

Memory Slre

Tape Unlts

Card Reader

Card Punch

Line Printer

Disk Storage

Rad Storaze
Operators Console

Description or lodel Huinbers

Test Systen

UTs

Sigma 6

64 X words

2-60 XB drives
7140/1500 cPi
7160/300 ¢Pi
7445/1000 LEN
72L2/Dual Spindle
n232

7012

G-118

Zropored Syste
same
game
ceane
sane

7122/400 CPH
7165/100 TPl
70L1/1100 L2
same
same
same



ANDREWS UNIVERSITY BENCHMARK RESULTS(l)

CONVERSION TEST

Man hours required t6 convert Cl, €2, C3, C4, C5 were 4 hours includ-

ing keypunching.

Central processor time was about 10 minutes and elapse time about 30

minutes.

DEDICATED MACHINE PERFORMANCE TESTS

Batch runs:

RUN | ELAPSE | cr
B8 Conversational language could not run batch.
cl 1 + min 59.6686. sec
F1 1 + min 81.5788 sec

Timesharing runs:

(1) These notes were typed from handwritten notes supplied by Univac.
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RUN ELAPSE CPU

B8 : 183 183.7112
c1 71 sec 59,2587
Fl - _ 2 min 81.0175

LANGUAGE TESTS

Bl through B7
27 Zdnutes hookup time

6.7649 CPU time

COMPILE AND EXECUTE

c2 3 min 49.3066 sec
C3 1 min 39,5606
Cé 1 min 15.5457
c5 o 1 min 7.9547
Update C2 1 min 10.0619
F2 1 ' 27.1733
F4 1 30.6788

F5 1 ' 29,3286

G-120
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MULTIPROGRAMMING TESTS

Dedicated runs:

START
CST 1626
FST 1813

Multiprogramming without timesharing:

START
CST 1805
FST . 1805

Multiprogramming with timesharing:

START

Run 1 CST 1851 ~°
FST 1851

Run 2 CST 1858

FST 1858

G-121

STOP
1628

1817

STOP
1808

1810

STOP
1856

1857

1904

1906

ELAPSE

2 min

4 min

ELAPSE

3 min

5 min

ELAPSE

5 min

6 min

6 min

8 min
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TYPE A

Xps LEASE AGREEMENT

Xerox Data Systems ' _ Term yeal‘ (S)
Lessee State of Incorporation
Street Address Equipment Location Street Address
City State Zip Code City State Zip Code

Xerox Data Systems, Inc. (hereinafter called XDS} agrees to lease to the above named Lessee at the above address, and the Lessee agrees to
accept for the lease amounts stated herein, XDS cor=puting equipment noted below (excluding Program Products) installed and ready for
Lessee's use, together with instructions in the operation of the equipment and maintenance service on the equipment, upon the terms and
conditions hereinafter stated in this Agreement.

Basic Monthly Charge Each
ltem | Model No.| Qty. Description Unit Charge Item Charge

Sales Price of Equipment $ — Total: %
- ]
Delivery Date i
XDS will provide Maintenance Service on the above equipment in accordance with both Paragraph 6 of this contract and the following:
A, Service Hours:
Regular Service Hours will be to Monday through Friday, excluding holidays and one hour meal period.
Extended Service Hours will be to . through for an additional monthly charge of

S .
B. Optional Local Service will be provided for an additional monthly charge of $
C. “On-Call” Maintenance will be provided for in accordance with Paragraph 6 of this contract up to an amount not to exceed

S .
AGREED TO THIS ACCZPTED THIS
day of 19 day of 19
X{D Xerox Data Systems
_J" _md 701 South Avialion Bivd., EI Segundo, California 90245
Lessee ) ‘
By By
Titic ' Title
G Lease Number

3 112/69) XEROX DATA SYSTEMS
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ERIC

Aruitoxt provided by Eic:

1. LEASE TERM

T he lease term shall commence when service begins and continue for
the number of years shown. After the initial pertod, the lease will re-
main in effect until terminated by either party with three months writ.
ten notice. Upon expiration of the lease term, or extension thereof,
Lessee shall teturn the equipment in good condition with allowance fot
normat wear and tear.

2. MONTHLY CHARGES

T he basic monthly charges shall be payable on the installation date of
the equipment foi the calendar month in which equipment is first in-
stalled and shall be prorated to the end of the month, and thereafter
shall be paid for each calendar month on the first day of that menth.

3. TAXES "

The Lessee will pay any Sales, Use Tax, or Import Tax. XDS will pay
the Personal Property Tax.

4, INSTALLATION PERMITS

Lessee will prepare the site in accordance with XDS's written site speci-
fications 15 days prior to the scheduted delivery date. XDS will install
the equipment, Lessee will provide labor for unpacking and locating the
equipment, Lessee will assume responsibility for compiliance with local
laws and will obtain any permits required for installation and use.

S. SOFTWARE

XDS software identified as '"Contro! Programs'' will be provided by
XDS under the terms of this equipment lease agreement: maintenance
service will be provided for standard, curient versions of such Control
Programs. :

XDS software identified as '"Program Products' are not furnished under
{his agreement. Program Products witl be made available to the Lessce
an a fee basis pursuant to an XDS software licensing agreement exe-
cuted by the Lessee.

6. MAINTENANCE

During the Regular and f.xtended Service Hours shown on the face of
this agreement XDS will accomplish regularly scheduled preventive
maintenance, provide replacement parts as neceded, and make availabte,
upon request, maintenance personnel for corrective maintenance.

Maintenance occasioned by the negligence of the Lessee, or by the use
of attachments not provided by XDS, or by any abnormal use, is not
covered by the monthly charge and Lessce agrees to pay for such ser-
vices at XDS's then current rate.

‘The Lessce agrees to give XDS access to the equipment when necessary
for maintenance.

I¥ the face of the agreement indicates Dptional Local Service is to be
provided, XDS will locate one or mot¢ service technicians within 100
miies of the installation, .

{f Dptional Local Service is not to be provided and the ins}allatlon is
beyond 100 miles from an XDS service center, Lessee agrees to pay
transportation, lodging and subsistence for all callg in excess of one per
week. o

Lessee will pay for Maintenance Services requested to be performed
outside the Regular and Extended Service Hours defined on the face of
this agreement at the hourly rates, including travel time, in effect at the
time such service is performed. There is a two hour minimum for all
services performed on an hourly basis.

tf the equipment remains inoperative for 48 consecutive hours after
maintenance service has been requested, rental of the inoperative equip-
ment and nonusable interconnected XDS equipment will thereafter
abate until operation is restored. This rental abatement expresses XDS's
cntire liability for inoperative equipment. Lessee will pay the full
amount of invoices submitted by XDS 30 days after their date, without
deducting rental abatement or other credits until XDS and Lessee agree
on the amount of the credit and XDS issues a credit memo in the
agreed upon amount. Claims for downtime must be initiated in writing
within seven (7) working days after the incident.

7. DELAYS, DAMAGES
X1DS shatl not be liable for delays in delivery or failure to manufacture
duye to causes beyond its reasonable contrel, In the event of any such

delay, the date or dates for performance of this contract by XDS shall
be extended for a period equal to the time lost by reason of delay. In
no event shall XDS be liable for incidental or consequential damages
under this lease.

8. ALTERATIONS, ATTACHMENTS

No alterations or attachments to the leased equipment shalt be made
without XDS's written approval.

9. TRANSPORTATION AND PACKING

Lessee will pay all transportation and rigging charges to and from the
instatiation site and will return the equipment to XDS's plant by air
freight, or by van equipped for transporting electronic equipment, un-
less XDS has approved in writing an aiternate method of shipment.
Lessee wilt not move the equipment to another location without XDS’s
consent,

10. OPTION

Lessee may purchase any of the leased eauipment during the term of
this lease for its sales price on the date of this tease less 40% of the
rentals paid to a maximum of 60% of the sales price.

11. PATENT INDEMNITY .
XDS agrees to defend Lessee in any suit brought against him allegin
that the articles leased hereunder, uncombined with non-XDS equip-
ment, directly infringe United States Letters Patent owned by others,
provided XDS is promptly notified, given assistance required and per-
mitted to direct the defense. Further, XDS will pay any judgment,
based on such infringement, rendered in such suit by final judgment of
a court of last resort, but shall not be responsible for settiements or
costs incurred without its consent. If L.essee's use of such articles is en-
joined, or in the event that XDS desires to minimize its liabifities here-
under, XDS will, at its option, either substitute other equally suitable
articles, modify the articles so that they no longer infringe, obtain for
Lessee the right to continue their use, or take them back releasing
Lessec from the obligation of paying rentals not yet due. The foregoing
states the entire liability of XDS for patent infringement. No indemnity
shall apply to articles made or modified to Lessee's own specifications
or design.

12. ASSIGNMENT

Either party may assign its rights and remedies and may also transfer its
obligations under this lease. However, the assignment or transfer shail
not operate to relieve the assigning party of any of its obligations here-
under. Nor will any such assignment Impose any obligation on the
assignee except in the case of an express written assumption thereof by
the assignee, .

13. LOSS OR DAMAGE

XDS agrees that Lessee shaill be relieved of all responsibility for any toss
or damage to the equipment covered by this agreement, provided that
such loss or damage shall not have been caused by theft, unauthorized
alteration, negligence or malice of the Lessce or any of its employees or

- representatives. The Lessee agrees to fully compensate XDS for any loss

or damage to the equipment for which Lessee is not relieved of respon.
sibility hereunder,

14. DEFAULT
In the event of any default by Lessee, XDS may, at its option, dectare
this lease in default and terminate this tease,

If at any time during the Lease Term or any extension thereof, Lessee
shall make an assignment for the benefit of creditors or shall become
insolvent, or if a receiver or trustee of substantially all of Lessee's prop-
erty shall be appointed, or if the Lessece {(where it is a corporation) shall
terminate its existence, or if a petition is filed by or against Lessee pur-
suant to any of the provisions of the United States Bankruptcy Act, as
amended, for the purpose of adjudicating Lessee bankrupt or for re.
organization of Lessee or for the purpose of effecting an arrangement
or composition with Lessee's creditors, then in each and every such case
this lease and any extension thercof shall terminate immediately with-
out any further act or notice by XDS.

Upon termination of the lease pursuant to this Article 14, XDS shall be
entitied to immediate possession of the equipment and to any rental
sums due and unpaid, together with all other rights and remedies in law
or in equity.

H-1 (Reverse)
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TIME SALE AND SECURITY AGREEMENT

XEROX CORPORATION, a New York corporation, acting through its Xerox Data Systems
division, 707 South Aviation Boulevard, El Segundo, California 90245 (hereinafter called "SELLER™)

and

(hereinafter called "BUYER") agree as follows:
1. Sale and Purchasc, SELLER hereby sells to BUYER, and BUYER hereby purchases from

SELLER the several items of equipment listed and described in Schedule A attached hereto und made
a part hereof (the "Equipment"), upon the terms and conditions provided herein, ond for the Time

Sale Price specified with respect thereto on Schedule A, payable as provided in Section 3, but sub-

ject to acceleration as provided in Section 9,

2, Security Interest;: Transfer of Title, BUYER hereby grants to SELLER & security interest

in the Equipment and any and all replacements and substitutions thereof and repairs thereto, for the
purpose of securing the payment of the balance of the Time Sale Price from time to time due here-
under and all other liabilities of BUYE-R to SELLER arising under this Agreement. Title to eacn item
of Equipment shall upon delivery of each such item at the location specified by BUYER pass to

BUYER.

3, Payment of Purchase-Price, Subject o ihe provisions of Section 9, the Time Sale Price

~with respect to each item of Equipment will be paid by BUYER to SELLER iNem————uconsecutive

monthly instaliments in the amount set forth in Schedule A, such installments to be pdid on the first

day of each month commencing on

4, Delivery and Acceptance; Risk of Loss, Delivery of the Equipment thall be made at

BUYER's expense to such location in the United States as BUYER shall specify, shipment to be made

by SELLER within after receiving written notice to deliver from BUYER,

Possession of each item of Equipment and the risk of loss thereof or damage thereto shall bass to

BUYER upon his acceptance thereof, Such acceptance shall be deemed to occur upon delivery of
the Equipment to the location specified, SELLER shall install the Equipment at the location specified
in BUYER's written notice, such installation to be in the manner and to include documentation,
standard software, and software support normally supplied to customers of SELLER without charge,
SELLER shall not be liable for delays in delivery or failure to manufacture due to acts beyond its

reasonable control, including but not limited to acts of God, acts or omissions of civil or military

H-2
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authority, priorities, fire, strikes, floods, restrictions, riots, war, delays in transportation, car
shortages, and inability due to causes beyond its control to obtain the necessary labor, materials

or manufacturing facilities. In the event of any such delay, the date for performance of this

| Agreement by SELLER shall be extended for a period equal to the period of time lost by reason of

the delay,

5. Taxes. BUYER acknowledges that it is not purchasing the Equipment for resale. All
taxes of every description (including sales, use and personal property taxes) arising out of the
transactions contemplated hereby (other than taxes on the income of SELLER) shall be borne and
paid for solely by BUYER', and BUYER shall pay or shall reimburse SELLER for its payment of any

applicable personal property tax wif‘h.re5pect to the Equipment accrued after the date hereof,

6. Financing Statement, At the time of execution of this Agreement, BUYER will join

with SELLER in executing and filing wppropriate financing statements relating thereto in form
satisfactory to SELLER, Further, promptly upon delivery and acceptance of each item of Equipment
as provided in Section 4, or upon any subsequent relocation of any item of Equipment, BUYER will
join with SELLER in executing and filing such further financing statements relating thereto in form

satisfactory to SELLER and as SELLER may deem appropriate,

7. Insurance, From the time at which the risk of loss or dc;mcge to the Equipment passes
to BUYER as provided in Section 4 héreof, BUYER shall procure and maintain, with an insurance
carrier acceptable to SELLER, insurance thereon against such‘ risks and in such amounts as SELLER
shall reasonably reqdire. Each such policy of insurance shall be endorsed with a standard
mortgagee or security certificate or certificates of the insurance carrier or carriers evidencing

insurance coverage as herein required,

8. Mutual Covenants and Agreements, SELLER hereby covenants and agrees (i) that it is

now and upon delivery and acceptance of any of the Equipments as provided in Section 4 hereof, it
will be the owner of such Equipment, free and clear of any and all liens, encumbrances, claims,

or security interests other than those to be created hereby, and other than any lien, encumbrance,

claim or security interest on or against the Equipment heretofore or hereafter caused or allowed to

be caused by BUYER or any subsidiary or affiliated company of BUYER; (ii) that it has now and will

- then have the full right and power to sell the Equipment to BUYER upon the terms and conditions

IToxt Provided by ERI

provided herein; and (iii) that so long as BUYER shall not be in default hereunder and subject to the

rights of any third party as a result of any lien, encumbrance, claim, or security interest on or

El{fC against the Equipment caused or allowed to be caused by BUYER or any subsidiary or offiliated

H-3
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company of BUYER, BUYER shall be entitled to the sole and exclusive possession and use of the
Equipment purchased by and delivered to it hereunder. BUYER hereby covenants and agrees (i)
that it now has and that upon delivery and acceptance of any of the Equipment as provided in
Section 4 hereof it will have the full right and power to buy the Equipment from SELLER upon

the terms and conditions provided herein; (ii) that it will not use or deal with the Equipment in a
manner which is inconsistent with the terms of this Agreement, or any policy of insurance referred
to in Section 7 hereof, or the applicable laws and rvegufoﬁonsvof governmental agencies; and (iii)
that it will not use the Equipment in any manner which results in unreasonable deterioration or
depreciation thereof, and that SELLER shall have the right to inspect the Equipment at any

reasonable time, wherever located.

9. Acceleration; Prepayment, (a) Upon any acceleration of the maturity of its obligations

with respect to any item of Equipment pursuant to this Section 9 (the Acceleration Date), the BUYER
shall pay to the SELLER an amount {the Acceleration Price) which shall be equal to (i) the portion of -
the Invoice Price of such item (as set forth in Schedule A hereto) which would remain unpaid on the
Acceleration Date if such Invoice Fiice had been borrowed and partially repaid in instaftments in the
same amounts and payable on the same dates as the installments of the Time Sale Price heretofore paid
by BUYER for such item and if each such installment payment had been applied first to the payment

of interest on such unpaid portion at a rate of percent per annum and the remainder

to the Invoice Price, and (ii} interest (computed at percent per annum rate from the

date of the last preceding installment paid hereunder fo the Acceleration Date) on the Invoice Price
remaining unpaid as arrived at in (i),

(b) BUYER shall give SELLER not less than fifteen (15} days written notice of any proposed
resale or lease of any item of Equipment during the term of this Agreement. Such notice shail state
the item or items of Equipment to be resold or leased and the dﬁ.‘e upon which sale or lease is to be
effective, If the Equipment is to be resold or leased, BUYER shall pay to SELLER on or prior to such
date the Acceleration Price in respect of such item of Equipment,

(c) If at any time an event of default specified in Section 10 hereof shall have occurred and
shall be tontinuing, SELLER shall have the right, upon written demand to BUYER specifying such
event of default, to require BUYER to pay, within ten (10} days after the date of such demand, the
Acceleration Price with respect to all of the Equipment then subject hereto.

. (d) If any item of the Equipment shall be substantially destroyed or shall be damaged beyond
repair, SELLER shall have the right, upon written demand to BUYER, to require BUYER to pay,

- within ten (10) days after the date of such demand, the Acceleration Price with respect to each item

El{fC of Equipment so destroyed or damaged, less any proceeds of insurance theretofore received by SELLER

s H-4
Py i, Ls] . A ¢




with respect to such Equipment.

(e) BUYER shall have the r'ighf, exercisable at any time during the term of this Agreement,
upon written notice to SELLER specifying the items of Equipment affected, to fully satisfy its obli-
gations hereunder with respect to any or all items of Equipment by the payment to SELLER, not less
than ten (10} days nor more than thirty (30) days affer the date of such written notice, the Acceler-
ation Price with respect to such items of Equipment, SELLER agrees, on request of BUYER, to
confirm in writing fo any proposed purchaser or lessee of any of the Equipment from BUYER that, on
payment in full to SELLER of the Accelerated Purchase Price, the amount of which Accelerated
Purchase Price shall be specified in such notice, SELLER will release its security interest in the
Equipment, | ‘

() SELLER shall release its security interest in any item of Equipment when payment shall
have been made with respect thereto as provided in this Section 9, and shall execute such:.doéumenis

furnished by BUYER as may be necessary to evidence such release,

10. Events of Default; Remedies. BUYER shall be in dchu‘f (o) if it shall fail to pay, or

cause to be paid, any installment payable under Section 3 hereof, or any sum payable upon any
cccelércﬁon under Section 9 hereof when the same is due, or (b) if it shall fail to perform any other
term or condition of this Agreement, and such failure shall continue for a period of fifteen (15) days
after written notice thereof from SELLER to BUYER, or (c) if Federal bankruptcy, insolvency,
liguidation, receivership or like proceedings are initiated by or on behalf of or against BUYER, or
any of the Equipment shall be attached, seized or levied upon, and such proceedings, attachmant
or levy shall not be vacated or fully stayed, within thirty (30) days after the institution or
occurrence thereof, or {d) if any of the Equipment shall be sold,, feased or encumbered by BUYER
other than in accordance with the provisions of Section 9 (b) hereof.

If an evenf of default shall have occurred and be continuing, SELLER shall have the right
to accelerate BUYER s obllcchons hereunder as provrded in Secticn 9 (e) hereof, and in addition
shall have all the rights (not inconsistent with the rights specifically provided herein) of a secured
party under the Uniform Commercial Code; or SELLER may, at its option, and it is hereby empowercd
so to do, enter upon the premises where the Equipment may be and take possession thereof, or remove,
sell and dispose of the Equ.ipmenf and from the proceeds of sale retain all costs and charges incurred by
SELLER in the taking ar sale of the Equipment including any reasonable attorney's fees thereby
incurred; also SELLER may take all sums due it under the terms of this Agreement including reasonable
attorney's fees; and any surplus of such proceeds remaining shall be paid to BUYER., The Forego‘ing

-is without limitation to or waiver of any other rights or remedies of SELLER according to law, It is
' 4H-5 '




further agreed that upon any sale of the Equipment cccording to law, or under the power herein
given, that SELLER may bid on the said sale, or make a purchase of the Equipment or any part

thereof,

11, Waivers, A waiver by SELLER of a default under this Agreement shall not operate as “

a waiver of any other default which may thereafter occur,

12, Location of Eauipment. Following delivery and acceptance thereof as provided in

Section 4, and so long as the Equipment is subject fo a security interest of SELLER, the Equipment
will be kept at the location specified in BUYEX's written notice or at such other location as may
hereafter be agreed upon by SELLER and BUYER; during such period BUYER will promptly notify
SELLER of any change in the location of the Equipment, and will not remove the Equipment from
the aforesaid location, without the prior written consent of SELLER which consent shall not be

unreasonable withheld or delayed,
|

13. Warranty, SELLER warrants that the Equipment is merchantable and that it will replace

or repair any components of Equipmant manufactured by SELLER which are defective by reason

of material or workmanship that the BUYER returns to SELLER within onem('l) year from acceptance

of the Equipment., This warranty does not extend fo program products, nor to expendable items

i such as pilot lamps and fuses, nor to components that have suffered mechanical wear, such as
vacuum motors and punch die blocks, nor to products altered or repcifed by personnel other ihan
those employed by SELLER, or —f'r';:ined and certified by SELLER, Shipment of defective parts to
SELLER will be paid by EUYER. Return shipment, to the BUYER, of repaired or replccéd parts
will be paid by SELLER, Operation or stcrage of the Equipment in an environment other than that
selected by SELLER or recommended by SELLER's published speciﬁéction will invalidate this warranty,
There are no_cther warranties, expressed or implied, In no event shall SELLER be liable for inci-

dental or consequential damages.

14, Patent Indemnity, SELLER agrees to defend BUYER in any suit brought against it alleging

that any item of the Equipmenr Sold-hereunde"rb'uncombined with equipment other than that manu-
factured by SELLER, directly infringes UnifeJ?_Sfctes Letters Patent owned by others, provided SELLER
is promptly notified, given assistance required, and permitted to direct the defense, Further, SELLER
will pay any judgment based on such infringement, rendered in such suit by final judgment of a court
of last resort but shall have no liability for statements or costs incurred without fts consent, [f BUYER's
use of any item of Equipmenf is enjoined, or in the event that SELLER desires to minimize its liabilities

hereunder, SELLER will, at its option, either substitute

- A




other equally suitable items of the Equipment, modify such items so that they no longer infringe,
obtain for BUYER the right to continue their use, or fc_ke them back returning the price less a
reosono.ble amouni for use, damage and obsolescence. The foregoing states the entire liability of
SELLER for patent infringement, No indemhify shall apply to items of the Equipment made or

modified to BUYER's own specifications or design.

_ 15, Notices, All notices or other communications required or permitted to be given pursuant
to this Agreement shall be in writing and shall be valid and sufficient if delivered by hand or dispatched
by registered or certified airmail, postage prepaid, addressed as follows:

}ferok Data Systems

701 South Aviation Boulevard

El Segundo, California 90245

Attention: Vice President-Finance ,
or to such other address as either party shall notify the other in writing. Givven?noﬁces dispatched by
registered or certified airmail shell be deemed to have been given three days clf.!fer such notice is

deposited in any post office, v/

¢
)

16, Governing Law; Severability. This Agreement shall be construed in accordance with and

governed by the internal laws of the State of California. Any provision of this Agreement which may be
prohibited by law shall be ineffective to the extent of such prohibition without invalidating the remaining
provisions of this Agreement, .

17. Equipment Markings. SELLER may mark the Equipment to conspicuously show that it has a

security interest therein and BUYER shall place no conflicting marks or indicia on the Equipment or
suffer SELLER's marks to be removed or defaced without the written consent of SELLER or until payment
in full shall have Eeen_mode and BUYER shall have fulfilled all of its obligations hereunder.

IN WITINESS WHEREOF, 'the parties hereto have executed this Agreement as of the asromsemm.

day of : , 1971,
XEROX CORPORATION |
XEROX DATA SYSTEMS
By _ _ By
Typed Name Typed Name ‘
Title ‘ Title
H-7 o
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Xerox Data Systems

XEROX.

MAINTENANCE AGREEMENT

NAME OF OWNER

STREET ADDRESS

INSTALLATION NO.

CITY STATE ZIP CODE

Agreement between

(hereinafter called Owner) and Xerox Data
Systems (hereinafter called XDS) for the maintenance of XDS
computer system and peripheral equipment per the configuration
hst and maintenance fees listed in Appendix A, in accordance with
the terms and conditions of this contract.

This Agreement is for a fixed period of
commencing

.19 .

XDS agrees to perform the following basic monthly maintenance
service during the Principa!l Period of Maintenance,

1. Accomplish regularly scheduled Preventive Maintenance,

2. Update the cquipmant to provide the latest reliability
provements.

m-

3. Supervise the preparation for movement and set-up of the
equipment after movement.

4, Provide replacement parts as needed.

§. Make available, upon request, maintenance personnel for
corrective maintenance.

A. PRINCIPAL PERIOD OF MAINTENANCE

The Principal Period of Maintenance (PPM) shall be any nine (9)
consecutive hours, 7:00 a.m. and 6:00 p.m. (Monday through Fri.
day), with a one (1) hour meal period.

B. EXTENDED COVERAGE ~—

For contracted coverage of more than one shift, the PPM may be
extended in the time increments and for the charges shown in the
following schedule. The percentage is computed on the tota.
monthly maintenance rate. The hours shown include the Principal
Period of Maintenance.

Hours S Days 6 Days 7 Days |
8 100% 120% 140%
16 140% 170% 190%
24 210% 225% 240%

C. PPM SERVICE HOURS

PPM service hours will be to

through
meal period.

,» excluding holidays, with one (1) hour

Agreed to this

MAIN FRAME S/N

If installation is beyond 100 miles from an XDS service center, the
owner agrees to pay transportation, lodging and subsistence for all
calls in excess of one (1) per week. .

D. OPTIONAL LOCAL MAINTENANCE

The owner whose installation is located more than 100 mites from
the nearest XDS service center may reduce the travel charges for
which he is liable and diminish the response time by contracting for
an XDS Field Engineering Representative to be located within 100
miles of the installation. The price for this relocation is:

1. $1,000 per month if XDS is maintaining only one (1) com-
puter in the area,

2. $300 per month if XDS is maintaining two (2} computers in
the area.

3. No charge if XDS is maintaining three (3) or more computers
in the area,

xos [J shall, [ shall not locate one or more service technicians
within 100 miles of the installation.

E. CHARGES

(1) Basic monthly charge per Appendix A

(2} Extended coverage

(3) Optional local service

Sub-Total

Total Maintenance Charge

Monthly Maintenance Charge

F. EMERGENCY SERVICE

Calls outside the PPM service hours defined in Paragraph C will be
provided for at the following rates: Monday through Saturday,
except holidays, $ per man hour including
travel time: Sunday and holidays $ per man
hour including travel time. There is a two (2} hour minimum for all
services performed on an hourly basis.

When requested, XDS will provide off-site stand by service outside
of the Principal Period of Maintenance at the rate of one {1} man
hour for each four (4) hours of stand by. On-site stand by to be
charged on a per hour basis.

day of . 19 Approved and Accepted
day of ., 19

Name of Owner

Xerox Data Systems
Street Address 761 South Aviation Blvd., El Segundo, California 90245
City State Zip Code
By By

Title

Title -
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AGREEMENT CONDITIONS

1. GENERAL

Equipment not under XDS Icase Or maintenance contract immediately
prior to the effective date of Lhis maintenance agreement shall be sub-
ject to inspection by XDS without charge. 1f the equipment I not in
good operating condition, 1abor and parts required to place the equip-
ment in good operating condition shali be provided by X{DS at the
Owner's expense.

2, DURATION OF AGREEMENT

The Owner shall have the right to terminate this Agreement at any time
after the first anniversary of the Commencement Date shown on its
face, by written notice sent to and received by XDS at least three (3)
months prior to the termination date seiected by the Owner,

KOS may terminate this Agreement, or change the monthly mainte.
nance or emergency service charge on any or all of the items of equip-
ment covered by this Agreement at any time after the first anniversary
of the Commencement Date, by written notice to the Owner three {3)
months prior to the effective date of such termination or change. After
receipt of notification of any such changes of maintenance charges, the
Ownei shall have the right to terminate this Agrecement, such termi-
nation to become effective as the date of the proposed change in main.
tenance charges, provided that the Owner gives at feast 30 days notice
of such termination.

3. MONTHLY CHARGES ANO TERMS OF PAYMENT

{a} The basic monthly charges for maintenance service shall begin
on the Commencement Date shown on the face Of this Agree-
ment. For the calendar month in which service starts the charges
shall be prorated to the end of the month and thereafter shall be
invoiced for cach calendar month on the first day of the month,

{b)} The Owner agrees to pay the monthly and hourly charges as set
forth on the face of this Agreement and to pay an additiona!
amount equal to any taxes, however designated, levied, or based
on such monthly charges or upon this Agreement, Or any taxes
or amounts inlieu thereof paid by XDS or payable by XDS in
respect to the faregoing, exclusive of taxes based upon XDS*® net
income.

{c) Terms 30 days net from date of invoice.
4. RESPONSIBILITIES OF XDS

{a) XDS shall provide maintenance (labor and parts} at the price
agreed to and keep the equipment in good operating condition.

{b} Preventive {scheduled) maintenance shall be performed at a time
other than the Owner's working hours so long as it is performed
during or contiguous te the Principal Period of Maintenance.
XDS shall specify in writing the frequency and duration of the
preventive maintenance required for the equipment Jisted on the
order and the Owner shalt specify the schedule for the perform-
ance of the preventive mainienance, This schedule may be modi-
fied by mutual agreement.

(c) Remedial maintenance shall be performed after notification that
the equipment is inoperative. XDS shall provide the Owner with
a designated point{s) of contact and make arrangements to
enable his maintenance representative to receive such notifica-
tion.

(d} XDS shail furnish a malfunction incident report to the instaila-
tion upon completion of each maintenance cali, The report shall
include, as a minimum, the following:

{1) Date and time notified.

{2) Date and time of arrival.

{3) Type and model number(s) of machine(s).
{4) Time system made available to XDS.

{5) Time spent for repair.

{6) Description of maifunction,

{7) Corrective action taken including parts used.
(8) Additional charges, if appticable.

{e) Only new standard parts or parts of equal quality shall be used
in affecting repairs. Parts which have been replaced shall become
the property of XDS.

[f) Maintenance service shall include the items of equipment neces.
sary te the maintenance of the machine being serviced,

(9} XDS sponsored modifications to equipment which are made to
rented equipment of the same type as being maintained under
_the terms af this contract shall be made with the consent of and

" without charge to the Owner.

5, RESPONSIBILITIES OF OWNER

{2) The Owner shall provide adeQuate storage space for spare parts
and adequate working space, inciuding heat, light, ventstation,
electric current and outlets for the use of XDS' maintenance
personnel. T hese facilities shall e within a reasonable distance
of the equipment and shall be provided 3t no charge to XDS.

{b} The Owner's personnel shall not perform maintenance or at.
tempt repairs to equipment while such equipment is under the
purview of this contract unless agreed to by XOS.,

(c) The Owner shall provide XDS access to the equipment to per-
form maintenance services. |f additional costs are incurred as a
result of the Owner's denial Of access during the scheduled
periods for an unreasonable period of time, the Owner shal) bear
the cost of returning the equipment to good operating condi-
tion.

6. MAINTENANCE

{a) XDS agrees to make available, upen request, maintenance per-
sonnet for corrective maintenance, Additionally, if the service is
begun during the Principal Period of Maintenance and the diffi
culty is not correcied on the same day at the end of the PPM
service will continue at no extra charge.

{b} The Principa) Period of Maintenance or extension thereof may
be changed by the Owner upon 30 days written notice.

{c) Corrective maintenante occasioned by the negligence of the
Owner, his employeces or repiesentatives, or by the use of de-
vices Or special attachments not provided by XDS or by any
other misuse or abnormal use, is not covered by the monthly
charge,

{d) There sha) be no additional maintenance charges for time spent
by maintenance Personnel after arrival at the site awaiting the
arrival of additional maintenance personnel and/or delivery of
parts, etc., after a service cali has commenced.

7. ALTERATIONS AND ATTACHMENTS

1f the owner makes alterations or installs attachments to the equipment
covered by this Agreement, and if in the opinion of XDS the cost of
maintenance is substantially increased, the parties may mutually adjust
the maintenance charge for the equipment or X0OS may immediately
discontinue service for such equipment hereunder.

8. MOVEMENT GF EQUIPMENT

{(8) In the event that equipment being maintained under the terms
and conditions of this Agreement is moved to another location,
XDS shalt continue to maintain the equipment at the new loca-
tion uniess such a movement shouid remove the equipment out.
side the 48 ¢ontiguous states and the District of Columbia.

{b) 1n the latter instance, the maintenance agreement shall be term}:
nated without further obligations being incurred by either XDS
or the Owner.

{€) The Owner shall give at least 30 days written notice Oof the
movement of equipment unless such move is required because
of an emergency.

(d) When the shibment is under the control of X0BS and damage is
incurred which results in abnormal costs for either labor Or parts
to restore the equipment to gecod operating condition at the
new site, such costs shali be borne by XDS.

{e) When the shipment is under the conirol of the Owner and dam-
age is incurred which results in abnormal costs for either labor
or darts to restore the equipment to good operating condition at
the new site, such costs shall be borne by the Owner,

(f) Maintenance charges shall be suspended on the day the equip-
ment Is dismantied in preparation for shipment. Maintenance
charges shall be reinstated on the day instahatien and checkout
procedure necessary to place the System in good operating con-
dition are complete.

{9} The Owner shall furnish transportation and such labor as may be
necessary for packaging and placement of the eQuipment. Re-in-
stallation and checkout charges may be negotiated with XDS,

9. LIABILITY FOR INJURY OR DAMAGE

XDS shall be jjable for any injury to the Owner's personnel or damage
1o the Owner's property arising from the use of the equipment main
tained by  XDS when such injury or damage is due to the fault or negli-
gence of XDS. The Owner shall be liable for any injury to XDS person.
nel or damage to XDS preperty when such injury or damage is due to
the fault or negligence of the Owner,

10, SPECIFIC CONTRACT COMMITMENTS

No representations or statements made by any representative of XDS
which are not stated herein shal be binding. The provisions hereof con-
stitute the entire Agreement between the parties with respect to the
equipment and its maintenance, The terms and conditions of this
Agreement supersede those of alt previous agreements between the
parties with respect to the equipment covered by this Agreement.

H-9 (Reverse)




APPENDIX A

EQUIPMENT LOCATION ADDRESS CITY STATE 21P CODE
ITEM MDDEL NO QTY. DESCRIPTION UNIT CHARGE"* TOTAL
...
'
(<)
+Based on 8 hours, Mon. Through Fri.

14600 - 4GE L OF 3
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X’D[S Supplement to License Agreement for XDS Program Products

Xerox Data Systems, Inc. Reference:
701 South Aviation Blvd.

License Agreement No.:
E! Segundo, California 90245

Name and Address of Customer: Supplement Date:

Xerox Data Systems, Inc. (XDS) is pleased to confirm your order for licenses for the XDS Program
Products and/or related optional materials listed below. XDS hereby grants the Customer nontransferable,
nonexclusive licenses to use each of these Jicensed programs and/or related optional materials in printed
form as specified below under the terms of the above numbered License Agreement for XDS Program Pro-
ducts between XDS and the Customer, which is hereby supplemented to include the following:

Program Product List

CcPU cPU Prog. Charges
N latian fhlci Shirait | danit
a ation erla e -
:'r‘;. o ater| p Da cation Singtle T Monthiy

The CPU serial number, corresponding to the CPU installation number, will be
available upon request following shipment of the CPU.

Under the License Agreement for XDS Program Products, the Customer has agreed that until that
Agreement is specifically terminated by the Customer upon three months’ prior written notice to XDS, the
terms of that Agreement as amended will take precedence over the terms of any present or future order
from the Customer for licenses. The Customer has further agreed that his acceptance of future delivery of
any licensed program or related optional material is conclusive evidence of his agreement that the license
for szct; licensed program or related optional material is governed by the terms of that Agreement as
amended,

The provisions of the above numbered license agreement allowing XDS to cancel on six months’ notice
are not applicable to any single charge program licenses listed above. Single charge program licenses will be

for a term equal to the term of the computer instailation (CPU) to which the license applies or 10 years
from the estimated shipment date, whichever occurs first.

Accepted by:

Xerox Data Systems, InC. The Program Product List may be continued
on the reverse hereof.

By

Authorized Signature

Name

Titie

On

Date

H-11



Program Product List (continued)

cPU . cPU Prog. Charges

Type/ 1nstal- Program/ Estimated Service

Serial latio Material Ship Date Classifi- Single -Monthty
No. No. cation

e
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701 South Aviation Boutevard
El Segundo, California 90245

License Agreement
for Program Products

Name and Address of Customer:

XEROX

License Agreement No.:

Xerox Data Systems, (XDS) a Division of Xerox Corporation by its acceptance of this Agreement by signature at its
Regionat office or Headquarters, agrees to grant and the Customer agrees to accep! on the following terms and con-
ditions nontfransicrable and nonexclusive licenses to use the Program Products including basic material {together
referred to as licensed programs) and related optional materials (optional materials) ordered by the Customer, subject

to written confirmation by XDS.

TERM

This Agreement is effective from the date on which it is
accepted by XDS and shall remain in force until terminated by
the Customer upon one month's prior written notice, or by XDS
as provided below.

The minimum use period for each license under this Agree-
ment is one month from the commencement of monthly charges.
Any license may be discontinued by the Customer at the con-
clusion of the minimum use period or any time thereafter, upon
one monih's prior written notice. XDS may discontinue any
license or terminate this Agreement if the Customer fails to
comply with any of the terms and conditions of this Agreement,
or as provided in the Section of this Agreement enlitled *‘Patent
and Copyright Indemnification.’” Notice of discontinuance of any
program license will be notice of discontinuance of any license
for optiona! material obtained in connection with such program
license. Notice of discentinuance of any or all licenses shatll not
be considered notice of termination of this Agreement unless
that is specitically stated.

>
o

LICENSE

Each program license granted under this Agreement autho-
tizes the Customer 1o use the licensed program in any machine
readable form on a central processing unit or units in a single
location designated by location number and its associated
units (together referred to as CPU) or on the CPU designated
under another then-current license for the identical Program
Product. Each optional material license granted under this
Agreement authorizes the Customer to use the optional material
in any machine readable form on the designated CPU or on the
CPU designated under another then-current license for the
identical Program Product. A separate license is required for
each CPU on which the licensed program and/or optional
materials in any machine readable form will be used, provided,
however, that the license granted under this Agreement for the
designated CPU shali be temporarily {ransferred to (1} one
back-up CPU if the designated CPU is inoperative due 1o
malfunction, or during the periormance of preventive mainte-
nance, engineering changes, or changes in features or model,
until the designated CPU is restored o operative status and
piocessing of the data already entered into the back-up CPU
is completed, and (2) to one other CPU for assembly or com-
pilation of the licensed program il the specifications of the
designated CPU are such that the licensed program cannot
be assembled or compiled on the designated CPU. For pur-
poses of this Agreement, use is defined as copying any portion
of the licensed program's and/or optional material's instructions

H-12

or data from storage units or media into the CPU for process-
ing. Licenses granted under this Agreement authorize the Cus-
tomer 1o ulilize licensed programs and/or. optional materials,
in printed form, in support of the use of such licensed programs
and/or optional materials in machine readable form.

This Agreement and any of the licenses, programs or materi-
als to which it applies may not be assigned, sub-licensed or
otherwise transferred by the Customer without prior written
consent from XDS. No right to print or copy, in whole or in part,
the licensed programs or oplional materials is granted hereby
except as hereinafter expressly provided.

CHARGES

Monthly charges are subject to change by XDS upon three
months' written notice 1o the Customer. If the monthly charge
is increased for any program license, the Customer may discon-
tinue it upon one month’s written notice to XDS; otherwise the
new charge will become effective.

Monthly charges will commence one month after shipment
of the licensed program to the Customer, provided, however,
charges will not commence on a Saturday or Sunday. Monthly
charges will be invoiced in,advance and wil! be payable within
thirty days after the date of invoice. Charges for a partial
month's use will be prorated based on a thirty-day month.

Certain licensed programs may be subject to an initial charge
in addition to monthly charges or a single charge per license
period in lieu of monthly charges. Initial and single charges are
subject to change without notice.

There shall be added to any charges under this Agreement
amounts equal to any taxes, however designated, levied or based
on such charges or on this Agreement or the licensed pro-
grams or optional materiais or their use, including state and
local privilege or excise taxes based on gross revenue, and
any taxes or amounts in licu thereof paid or payable by XDS
in respect of the foregoing, exclusive, however, of personal
property laxes assessed on the licensed programs or optional
materials and taxes based on nel income.

LICENSE REDESIGNATION

The Customer may notify XDS of his intention 1o redesignate
the CPU on which a licensed program and optional materials
are to be used. The redesignalion will be effective upon the
date specified in an amendment to this Agreement furnished
to the Customer by XDS entitled Confirmation of Change in
Designated CPU.
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ADDITIONAL LICENSES

Under this Agreement the Customer may, from time to time,
order additional licenses for a previously licensed program
and/or optional materials. These orders will be subject to
acceptance by XDS under this Agreement and to the terms
and conditions then in effect. Orders for additional licenses
should reference this Agreement by number. XDS will confirm
such orders and grant additional licenses by Supplements to
this Agreement.

'BASIC MATERIALS

Program licenses granted under this Agreement will govern
any basic materials, in machine readable or printed form, pro-
vided by XDS in the quantities specified for each program
license, and any additional copies in printed form licensed from
XDS at the charges in effect at the time of their shipment.

RELATED OPTIONAL MATERIALS

For certain licensed programs XDS will offer to license related
optional materials, under this Agreement or under a separate
agreement, provided, however, that optional materials will only
be available to Customers who have licensed the programs {o
which such optional materials apply. Qptional materials will be
provided by XDS in the quantities specified for each optional
materials license. Any additional copies in printed form may be
licensed at charges in effect at the time of their shipment.

PROGRAMMING SERVICES

For specitied licensed programs, XDS will provide program-
ming services after delivery, without additional charge, to cor-
rect licensed program errors and issue correcled releases.
However, XDS does no! guarantee service results or represent
or warrant that all errors will be corrected.

The Programming Service Classification of each licensed
program will be specified by XDS in the Program Product List
for each license. The Programming Service Classification of any
licensed program may be changed by XDS upon six months'
notice except as provided in the section of this Agreement

entitied ""Patent and Copyright Indemnification." Some reclas-

sifications may constitute a discontinuance of services.
The Programming Service Classifications are:
-

Class 1
When the Customer encounters a problem which XDS
field diagnosis indicates is caused by a defect in a current
unaltered release of the licensed program, XDS will (1)
if the licensed program is inoperable, apply a temporary

fix or make a reasonable attempt to develop an emergency |

by-pass, and (2) prepare a Software Improvement or Dif-
ficulty Report (SIDR) and submit it to an XDS Central
Programming Service location.

XDS Central Programming Service will respond to any
problem caused by a defect in a current unaltered release
of the licensed program by issuing a temporary fix to the
originator of the SIDR and/or issuing correcled code or
nolice of availability of corrected code. Corrections will be
incotporated into new releases of the licensed program
which will be inade available to the Customer by XDS. Any
other programming services or assistance will be provided
at a charge.

Class 2

When The Customer encounters a problem which his
diagnosis indicates is caused by a licensed program de-
fect, the Customer may submit an SIDR to an XDS Centraf
Programining Service location.

XDS Central Programming Service will respond to any

problem caused by a defect in a current unaltered release
of the licensed program by issuing a temporary fix to the

originator of the SIDR and/or issuing corrected code or
notice of availability of corrected code. Corrections will be
incorporated into new relcases of the licensed program
which will be made available to the Customer by XDS. Any
other programming services or assistance will be provided
at a charge.

Class 3

Programming services or assistance will be provided at
a charge. Central Programming Service will not be pro-
vided, except for corrections applicable to SIDR's received
prior to the date Class 3 becoemes effective for a licensed
program previously assigned Class 1 or Ciass 2.

XDS shalt have the right to make additional charges for any
additional effort required to provide programming services re-
sulting from Customer use of other than a current unaltered
release of the licensed program.

PERMISSION TO COPY OR MODIFY LICENSED PROGRAMS

The Customer shall not copy, in whole or in part, any licensed
programs or oplional materials which are provided by XDS in
printed form under this Agreement. Additional copies of printed
materials may be licensed from XDS at the charges then in
effect.

Any licensed programs or optiona! materials which are pro-
vided by XDS in machine readable form may be copied, in
whole or in parl, in printed or machine readable form, for use
by the Customer with the designated CPU, to understand the
contents of such machine readable material, to modify the
licensed program as provided below, for back-up purposes as
provided in the section of this Agreement entitled "License," or
for archive purposes, provided, however, that no more than five
printed copies and five machine recadable copies will be in exis-
tence under any license at any one time without prior written
consent from XDS other than copies resident in the designated
CPU itself and copies created and used solely for checkpoint
and/or restart purposes. The original, and any copies of licens-
ed programs and/or optional matesiafs, in- whole or in part,
which are made by the Customer #%at 'be the property of XDS.

If the original or any copy of tiw5 licensed program or option-
a2l materials will be kept at ow®r than the location of the
designated CPU, the Customer will notify XDS in writing of a
designated location for the criginal or copy. However, the
Customer may transport or transmit a copy of the origina! of any
licensed program to another location when the license is
temporarily transferred as provided in the section of this Agree-
ment entitled "License,"” provided the copy or the original is
destroyed or returned to its designated location when the
period of temporary transfer is concluded ‘and the license
reverts back to the designated CPU.

. The Customer may modily any licensed program and/or
optional material, in machine readable form, for his own use
and merge it into other program materials to form an updated
work, provided that, upon discontinuance of the license for such
licensed programs, the licensed program and optional material
supplied by XDS will be completely removed from the updated
work and dealt with under this Agreement as il permission 1o
modify had never been granled. Any portion of the licensed
program or optional material included in an updated work shall
be used only on the designated CPU excep! duting a period of
temporary transfer as provided in the section of this Agreement
entitled “License,"” and shall remain subject to all other terms
of this Agreement.

The Customer agrees to reproduce and include XDS's re-
strictive proprietary notice on any copies, in whole or in part, in
any form, including partial copies in modifications, of licensed
programs or optional materials made hereunder in accord with
the restrictive proprietary notice instructions to be provided by
XDS.

Q
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PROTECTION AND SECURITY

The Cuslomer agrees not to provide of otherwise make avail-
able any licensed program or oplional material, including but
not limited to llow charts, logic diagrams and source code, in
any form, 1o any person other than Customer or XDS employees
without prior wntten consent from XDS, except during the period
any such person is on the Customer's premises with the Cus-
tomer's permission for purposes specificaliy related 1o the Cus-
tomer's use of the licensed program or oplional materials.

PATENT AND COPYRIGHT [INDEMNIFICATION

XDS will defend at its expense any aclion brought against
the Customer 1o the extent that it is based on a claim that li-
censed programs or oplional materials, used within the scope
of the license hereunder, infringe & copyright in the United
States or a United States patent; and subject (o the limitation of
liability stated herein, XDS will pay any costs, damages, and
attoiney fees finally awarded against the Customer in such
action which are attribulable to such claim, provided that the
Customer nolifies X0OS prompily in writing of the claim and
XDS may fully participale in the defense and/or agrees o any
settlement of such claim. Should the licensed programs or op-
tional materials become, or in XDS's opinion be likely to be-
come, the subject of a claim of infringement of a copyright or a
patent, XDS may procure for the Customer the right to continue
using the licensed programs or optional materials, or replace
or modify them lo make them noninfringing. If neither of the
foregoing alternatives is reasonably available to XDS, then
XDS may discontinue the licensed program and/or oplional
materials upon one month's wriltan notice to the Customer. If,

~ however, the licensed program and/or optional materials is not

the subject of a claim of copyright infringement, the Customer
may notily XS in writing during the one month after XDS's
notice of discontinuance that the Customer elects to continue
to be licensed with respect to the licensed program or optional
materials until there has been an injunclion or the claim has
been withdrawn, and agrees to undertake at the Customer's
expense the defense of any action against the Customer and to
indemnily XDS with respect to all costs, damages, and atlorney
fees allributable 10 such continued use after such notice is given
to XDS; it being understood that XDS may participale at ils ex-
pense in the defense of any such action if such claim is against
XDS. Upon XDS's writlen notice of discontinuance to the Cus-
tomer, a licensed program with Programmmg Service Classifi-
cafion 1 or 2 will be changed to Programming Service Classi-
fication 3. XDS shall have no liability for any claim of copyright
or patent infringemen! based on (1) use of other than a current
unaliered release of the licensed program or optional materials
available from XDS if such infringement would have been
avoided by the use or a current unallered release of the licensed
program or oplional materials available from XDS, or {2} use or

combinalion of the licensed program or optional material with.

non-XDS programs or data if such infringement would have
been avoided by the use or combinalion of the ticensed pro-
gram or oplional material with other programs or data. The fore-
going states the entire liability of XDS with respect to infringe-
ment of any copyrights or patents by the licensed programs or
oplional programs or oplional malerials or any parts thereof.

RESPONSIBILITIES OF THE PARTIES

XDS will publish design objeclives and estimated availability
dates for licensed programs which it announces. However, XDS
does not represent or warrant thal such design objeclives or
esfimated availabilily dates will be met.

XDS will publish Program Product Specilications for each
licensed program with Programming Service Classilication 1 or
2 as the licensed program is included in the library.

XDS will provide a functional descriplion of each licensed

program with Programming Service Classification 3 as it is in--

cluded in the library.

The Customer shall be exclusively responsibte for the super-
vision, management and conlrol of his use of the licensed pro-
grams, and/or oplional materials, including bul not limited to:
{1) assuring proper machine configuration, program installation,
audit conlrols and operating methods, {2) establishing adequate
back-up plans, based on alternale procedures and/or based on
access 1o qualified programming personnel to diagnose, patch,
and repair licensed program defecls, in the event of a licensed
program malfunction and, (3} implementing sufficient proce-
dures and checkpoints to satisfy his requirements for security
and accuracy of input and output as well as restart and recovery
in the event of a malfunction.

The Customer agrees that he will lake appropriate aclion by
instruction, agreement, or otherwise with his employees or other
persons permitted access to licensed programs and/or optional
malerials to satisfy his obligations under this Agreemen! with
respect to use, copying, modification, and protection and secu-
rity of licensed programs znd optional materials.

DELIVERY

When available from the Library, licensed programs wili be
shipped 10 customers generally within one month after confir-
mation of order, subject to conditions beyond XDS's control,
unless the Customer requests a laler delivery date. Announced
licensed programs will be included in the Library in accordance
with XDS's estimated availability date for each licensed pro-
gram. However, XDS does not represent or warrant that ship-
ment or availability dates will be mel.

Progtani storage media (rnagnetic tapes and disks) will be
provided at a charge by XOS if not supplied by the Customer.
Licensed programs will be shipped to the Customer without
charge. :

RISK OF LOSS

1f any licensed program or optional material is lost or dam-
aged during shipmen!, XDS will replace the licensed program
or optional material and program slorage media al no addi-
lional charge to the Customer.

It any licensed program or optiona!l malterial is lost or dam-
aged while in the possession of the Customer, XDS will replace
the licensed program or optlional material at a charge for pro-
gram storage media unless it is provided by the Customer.

DISCONTINUANCE

Within one month after the date of discontinuance of any
license under this Agreement, the Cuslomer will furnish XDS a
completed XDS Program Product Certificate of Discontinuance
cerlifying that through his best eflornt, and to the best of his
knowledge, the original and all copies in whole or in part, in any
form, including partial copies in modifications, of the licensed
program and any oplional material received from XDS or made
in connection with such license have been deslroyed, except
that, upon prior written authorization from XDS, the Customer
may retain a copy for archive purposes only.

WARRANTY

Each licensed program wilh Programming Service Classifi-’
cation 1 or 2 will conform 1o its published Program Product
Specilications when it is shipped to the Cuslomer. Sample data
will be shipped with such licensed programs to assure that the
Customer has received a valid copy.

Each licensed program with Programming Service Classili-
calion 3 will be distributed on an “as is" basis without warranty.

LIMITATION OF LIABILITY

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER
WARRANTIES EXPRESS CR IMPLIED, INCLUDING, BUT NOT
UMITED TO, THE IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

PAGE 3 OF 4
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The Customer agrees that XDS's liability hereunder for dam-
ages including but not fimited to fiability for patent infringe-
ments, but excluding liability for copyright infringemenis, re-
gardless of the form of action, shafl not exceed the charges
paid by the Customer for the parlicular licensed program or
optional material involved.

The Customer further agrees that XDS will not be liable for
any lost prolits, or for any claim or demand against the Cus-
tomer by any other parly, except a ¢laim for paten! or copyrigh!
infringement as provided herein.

No action, regardless of form, arising out of the transactions
uncer this Agreemen!, may be brought by either parly more
lhan one year after the cause of action has accrued, except
that, an aclion for nonpayment may be brought within one year
afier the dale of last payment.

In no event will XDS be liable for consequential damages *

even if XDS has been advised of the possibility of such dam-
ages.

GENERAL

The terms of this Agreement may be modified by XDS upon
six months’ writlen notice to the Customer, excepl for the terms
and conditions which relate specifically to (1) discontinuance of
this Agreemenl or licenses granted under this Agreement as
provided in the section of this Agreement entitied "Term' and

the saclion of this Agreement entitled "Patent and Copyright -

Indemnitication,” and (2} charges for licenses granted under
this Agreemenlt as provided in the section of this Agreement

entitled ""Charges.” The Customer may terminale this Agree-
ment or discontinue any of the licenses hereunder on the elfec-
tive date of such modification upon one month's prior written
nolice {o XDS; otherwise, such modification shall be effective.

The term "this Agreement’ as used herein includes any future
written amendments, modifications or supplements made in
accordance herewith.

The terms of this Agreemen! will take precedence over the
terms of any present or future order from the Cuslomer for any
licenses hereunder. The Customer agrees that his acceptance
of future delivery of any iicensed program or optional material
from XDS is conclusive evidence of his agreement that the li-
cense for such program or optional material is governed by the
terms of this Agreement.

It any of the provisions, or portions thereol, of this$ Agreement
are invalid under any applicable statute or rufe of law, they are
to that extent 1o be deemed omitted.

The customer's remedies in this agreement are exciusive,

The customer acknowiedges thal he has read this agrec-
ment, understands it and agrees to be bound by its terms and,
further, agrees that it is the complete and exclusive statement

. of the agreement belween the parties, which supersedes all

proposals ora! or written and all other communications be-
tween the parties relating to the subject matter of this agree-
ment. ’

This Agreement will be governed by the laws of the State of
California.

Accepled by:

Customer

By

Xerox Corporation

yBy

Authorized Signature

Authorized Signature

Name Name
Title Title
Date Date

‘H-13 (Reverse)
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Appendix I

STAFFING REQUIREMENTS FOR CONVERSION

Preliminary estimation of staff allocation during conversion is
as follows (based on 40 hours/week):

Conversion and Testing(l) .20 man-weeks
Training (minimum) 6 man-weeks
Minimum Conversion Effort 26 man-~weeks

Presuming a contract is signed by mid-February and that two full-
time staff members are available for conversion, then there are
32 man-weeks available. However, some effort must be devoted to
maintenance programming, and additional pre-installation training
is certainly desirable. Should a delay occur in execution of the
contract or should unforseen difficulty occur in the conversion
effort, the six man week excess could rapidly disappear. It is
for these reasons, as well as others outlined in Section 6.7.3,
that immediate steps should be taken to add another qualified
COBOL programmer to the Computing Center staff.

(1) Based on responsibility for conversion and testing of 25% of
existing programs and partial testing responsibility for the
remaining 75% of existing programs.
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Appendix J

EXPECTED TERMINAL GROWTH PATTERN

Timesharing growth at several universities has been explosive.
At Andrews University a more gradual growth is expected due to
several inhibiting factors:
@ Limited administrative programming staff (this could
be modified by cost-benefit studies).
e Limited research effort (although research efforts
are presently increasing).
¢ Limited initial funding of terminal devices.
® Limited efforts, to date, to sell outside services
(but this can be changed in a short time).

The following projection (Figure 1) is tentative but probably
conservative. Each of the above factors has been considered.

It was deemed unrealistic to attempt to project growth beyond the
fifth year. For this projection, no attempt has been made to
identify the type of terminal device required at each location.

The weighted estimate was developed by dividing the listed depart-
ments and agencies into three groups. Each group was assigned a
weighting factor by which three weighted subtotals were calculated.
The unweighted estimates are offered as valid individual growth
patterns; the weighted sum is submitted as a moderately conservative
estimate of aggregate terminal growth during the first three years

. after installation. It is expected that the growth rate will de-
cline and that the final estimate may be nearly the final census.




Number of Terminals Required
Time Since System Installation (years)

Location 1 3 5
Mathematics Department 2 3 3
Physics Department 2 3 3
Chemistry Department 1 1 1
Biology Department 1 1 1
Science Complex (General) 3 3 3
Business Administration Departments 1 2 2
Education Department 1 2 3
Home Economics/Nursing Department 1 1 1
Physical Education Department 1 1 1
Computing Center (Programming) 2 2 2
Computing Center (General) 3 3 3
MCST (replacement and growth) 2 3 4
Security Office 1 1 1
Laboratory School 1 1 2
Library 0 2 5
Business Office 0 3 5
Registrar 0 2 3
Lake Union Herald 1 1 1
Lake Union Conference 0 3 5
Dormitory Complex 0 2 4
College Wood Products 0 0 1
Bindery 0 0 1
Bookstore 0 2 2
Grocery Store 0 2 2
Lake Union Academies 2 3 5
Food Services 1 1 1
Berrien County Intermediate

School District 1 1 2
Benton Harbor~St. Joseph Schools 2 4 6
Heathkit 3 4 5
Other Commercial Services _2 4 _6

Total Estimate 34 61 4

Weighted Estimate 22 43 56

Figure 1
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Xerox Corporation

Traveler's Building, 13th Floor
26555 Evergreen

Southlield, Michigan 48076
313 353-4200

4 January 1973

Mr, Leroy H. Botten
Director, Computer Center

Andrews University
Berrien Springs, Michigan 49104

Dear Mr, Botten:

This addendum has been prepared for review by the Andrews Selection

Committee. The prices are firm for a period of sixty days. Should your

selection process extend beyond this period, minor adjustments may be

required. Xerox remains available to assist in further defining the equip-

ment that best meets the needs of Andrews University, Should substantial

equipment changes be necessary, minor adjustments in the pr0posed cost
of conversion services may be necessary,

We welcome the opportunity to discuss or clarify any aspect of this
addendum at the convenience of Andrews representatives,

Very truly yours,
XEROX CORPORATION

/(/\‘(« -1
Al iy

George D O'Lecry

District Manager 2

/
{
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I. INTRODUCTION

This addendum to the Xerox proposal dated September 8, 1972 has been written to present

a new alternative in equipment, procurement method and resulting costs. In addition, a new
more specific proposal for conversion services is presented, The changes in equipment have
resulted from our jointly re~evaluating the needs of Andrews Univers?ry. The new proposal

to assist Andrews in its conversion effort was developed by the Applications Systems Division
of Xerox after a second review of exi.sﬁng programs and systems and a review of Andrews
resources, In the near future, a complete and detailed conversion plan should be developed
to assure a smooth and orderly transition fo your new equipment, We welcome the opportunity

to assist Andrews in preparing this plan and will do so at your convenience.

In addition, the following reference information has been added:

Section V Power/Heat Estimates
Section VI Floor Plan

Section VII | | Sample Standard Contracts
Section VIII Memory Expansion Options




- I, HARDWARE CONFIGURATIONS

Introduction

Xerox and Andrews have explored a substantial number of possible hardware configurations

for consideration, From these, Xerox has selected one for presentation in this addendum.

This configuration represents a superior solution to the iong range needs of Andrews University,
This configuration permits a UTS operating system that contoins a richer set of processing
languages and installation control features, As Andrews University experiences its internal
growth in the number of time sharing users and begins to service other organizations, this new

hardware /software approach will prove to be the most economical long range solution.

The general needs as Xerox understands them are as follows:

1. A system capable of performing concurrent batch and time=sharing for twenty-four

terminal users,

2, A system capable of handling a complete set of unit record peripherals (such as

card readers, card punches, line printers, etc,) on completely automatic basis,

3. A system capacity to handle slow speed = low density nine track magnetic tapes
with the ability to move to faster units with correspondingly higher recording

densities, Growth options are presented in the Appendix (Section II).

4, An initial capacity to store approximately fifty million bytes of data on=line,
with the ability to subsiartially increase this capacity if and when required,

Expansion capabilities are presented in the Appendix (Section IiI).



Configuration and Cost Proposal

The equipment below has resulted from extensive contact with members of the Andrews

Selection Committee,

CPU Sub~System

Gross Purchase Educational ~ Net Purchase
Model Description * Price Discount . Price
8310C Sigma 6 CPU (64K Words) 286, 000 57,200 228, 800
192 KB Memory N/C
Multiplexor 1/0 Processor N/C
Four Byie Interface N/C
Decimal Arithmetic N/C
Memory Map with Access N/C
Protection .
Memory Write with Protection N/C
Two Real~Time Clocks N/C
Two Register Blocks N/C
Power Fail-Safe N/C
External Interface - N/C
Dual Acce's;;.(Z-Pcrt) : N/C ,
8218 " Floating Point Arithmetic 2,500 5,000 20, 400
8321 Interrupt Control Chassis 2,200 440 1,760
8322 Priority Interrupt, 2 Levels 350 70 280
8375 IOP Expansion Feature 17,500 3, 500 14, 000
Sub-Total 264, 840
Magnetic Tape Sub=System
7315 Controller plus one Transport 28,000 2,800 25,200
7316 Add-on Tape Transport 12,000 1,200 10,800
Sub~Total 36, 000




Model

Gross Purchase

Unit Record Sub-System

7122
7165
7441

Description " Price
Card Reader (400 CPM) 16, 000
Card Punch (100 CPM) 19, 600
Line Printer (1100 LPM) 46,000

Removable Disk Pack Sub-System -

7240
7242

7012

Controller ; 20,000
Dual Spindle Drive , 25,000
Operators Console 6,000

Communications Sub=System

7612
7630
7631

Timing Module 250
Controller plus 8 Lines . 14, 000
Eight Line Expansion (2 requested) 11, 600

Random Access Device Sub=System

7231

' 723.2

7235

Extended Performance RAD o 14,000
Cbnfro“er

Extended Performance RAD 50,000
(6. 2 MB) |

Extended Width Interface Feature 2,500

Add~On Equipment Sub=Total
Configuration TOTAL 596,000

L-5

Educational Net Purchase
" 'Discount " Price

1,600 14, 400
1, 960 17, 640
4, 600 41, 400
Sub~Total 73; 440
2,000 18,000
2,500 22, 500
Sub-Total 40, 500
600 5,400
50 200
2, 800 11, 200
2,320 9, 280
Sub=Total 20, 680
2,800 11,200
20, 000 30, 000
500 2, 000
Sub~Total 43,200
219, 220
111, 940 484,060



Cost Summary and Comparison

Installment Purchase Seven Year Plan

Monthly Installment Payments
Monthly Maintenance

Total Monthly Cost

Total Seven Year Cost

One Year Lease of Selected Peripherals Plan

One Year Lease Costs For

7122 Card Reader
7165 Curd Punch
7441 Line Printer

Monthly Installment Payments*
Monthly Maintenance

Total Monthly Cost
Total Annual Cost

* Over seven years for the remainder of the system,

7,067, 28
3,013, 60

19,080, 88
846,793, 92

360, 00
441, 00
1,035, 00

1,836. 00

5,995, 05
2,650, 25
10, 481, 30
125,775. 60



Lease to Purchase Conversion For Years Two-Seven

Unit Record Sub=System

Purchase Price

Less Conversion Credit

Net Purchase Price

Six Year I, P, Factor

Monthly Payment
Remainder of System

Maintenance

NMonthly Cost Years Two=Seven

Total For Six Years
First Year Cost

Total Seven Year Cost

73, 440, 00
-.81 8] .20 80

64,627. 80
... 20166,

1,072, 81

5,995,085

7,067,86
3,013. 60.

10,081, 46
725,865, 12

851, 640,72



M. CONVERSION-

Introduction

Of central concern in the installation of any new data processing equipment is the manner

in which existing systems and programs will be converted to the new system,

In order to minimize the risks associated with conversion, Xerox formed a special department,
This department {Applications Systems Division) was initially restricted to internal Xerox projects,
After having perfected both the technical skills/tools and.the necessary management techniques,
their services have been made available to Xerox customers, These services are available to
only those converting to Xerox equipment, The services are defined by an agreement which
specifies in detail the nature of the werk to be performed and the fees (if any) that are to be

charged,

When the statement of services to be performed have been defined, the Agreement is signed for
a fixed fee, Thus, Andrews University knows the exact amount of funds to allocate and the

participation of the Xerox and the University Staff is clearly differentiated.

The Agreement also specifies the schedule allocated for Xerox participation. In general, the

available staff is sufficient to meet even the most demanding schedule, The lead time for hard=

ware delivery is usually more than sufficient for most conversion efforts,

Options and Estimated Fees

Section IV of the Appendix contains the proposal for Xerox services at Andrews University, Several
options based on level of participation are defined in detail in this propdscl. The fee structure is
based on an estimated net sale price of the equipment of about $484, 000. Should this value
change sig.niﬁconfl‘y, the fee structure must be requoted,  All fees are subject to final negoiiations
concerning the division of effort between Xerox and Andrews University. The options and

estimated fees are outlined below:




Alternative One - Clean Compile

This alternative will be provided by Xerox at no cost to Andrews. In general, it involves
converting your existing programs to Xerox Syntax, in a state suitable for the start of

testing.

Alternative Two ~ Basic Case Test (All Programs)

The estimated fee is $8,600,  This alternative is the most complete level of service and

would permit Andrews University to pass through the conversion effort with a minimum of

involvement,

Alternative Three - Selected Base Case Test

The estimated fee is $-], 300, In this alternative, Xerox would take primary respOnsibilify\
for those systems outlined in the proposal with Andrews assuming responsibility beyond the

clean compile stage for all others,
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CENTRAL PROCESSOR MAINTENANCE COSTS

8310C Sigma 6 CPU with No Cost Options and 64K Memory
8318 Floating Point Arithmetic Unit '

8321 Interrupt Control Chassis

8322 Piiority Interrupt, 2 Levels

8375 ‘ IOP Expansion Feature

\ SUMMARY OF MAINTENANCE COSTS = TOTAL SYSTEM

8310C Sigma 6 with Options
Add-On Devices

Gross Monthly Cost

Less Discount

Total Net Monthly Maintenance Cost

SUMMARY OF MAINTENANCE COSTS

EXCLUDING UNIT RECORD SUBSYSTEM-

8310C Sigma & with Options

Add-On Devices less unit record subsystem

Gross Monthly Cost

L-12

1,792,00
103,00
30,00

.........

2,023, 00

2,023, 00

1,921,00

3,944, 00

. 930, 40

3,013, 60

2,023, 00
1, 362, 00

3, 385,00

734,75,

2,650, 25



MAINTENANCE COST - ADD ON DEVICES

\

Model Descripfion Monthly Maintenance

Magnetic Tape Sub~System

7315 . Magnetic Tape Control and Transport 285
7316 _ Add-on Tape Transport 180

‘Sub-Total 466 466

Unit Record Sub-System

7122 Card Reader 127

7165 Card Punch 140

7441 Line Printer 292
Sub-Total 559 559

Disk Pack Storage Sub-System

7240 . Disk Controller | - 104

7242 Dual Spindle : - 281
Sub-Total 385 385

7012 Operators Console 48

Communication Sub=System

7612 Timing Modules NC

7630 Communications Controller plus 8 Lines 47
7631 8 Line Expansion (two required) 62,
Sub~Total 109 109

L-13



Drum Storage Sub-System'

7231
7232

7235

RAD Controller
6.3 MB RAD Storage

Extended Width Feature

73
1265
16.
Sub=Total 354
TOTAL
L-14

334,

1,921
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II.- MAGNETIC TAPE OPTIONS

Qty. Model ~ Gross Pruchase Discount Net Purchase Expansion Charge
1 7315 28,000 2,800 .25, 200
. ~ Proposed In
1 7316 12, 000 1,200 10, 800 Al Alternatives
Total 36,000
1 7330 28, 400 2,840 25, 560 200
1 1038 4,000 400 - 3,600 - 200
1 7332 18, 500 1,850 16, 650 50
1 7322 : - 12,000 1, 200 10, 800 50
Total 56,610 500
‘ 1 7330 28, 400 2,840 25, 560 200
' 2 7332 37,000 3,700 33, 300 100
| Total . 58,860 300
] 7330 28,400 . 2,840 25, 560 200
2 7333 51,700 - 5,170 45,590 100
1 1039 2,500 250 2,250 : &0
Total 73, 400 | 360
Model | Description
7320 " Magnetic Tape Controller 1500 BPI
1038 800 BPI'Option for 1600 BPI Controller
7332 800 BFI, 75 IPS Tape Transport (60 KB)
" 7332 1600 BPI, 75 IPS Tape Transport (120 KB) -
7333 1600 BPI, 150 IPS, Tape Transport (240 KB) -
1039 Extended Widih Interface

L-16
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III. DISK EXPANSION CAPABILITIES

" Qty. Model Gross Purchase’ Discount Net Purchase Expansion Charge

1 7246 15,000 1,500 13, 500 780
1 7242 25,000 . 2,500 22, 500 1,040
1 72428 45,000 -~ 4,500 40, 500 2,080

Model Description

\ .

7246 Single Spindle 24,5 MB Removable Disk Drive

7242 Dual Spindle 49,1 MB Removable Disk Drive

7246 Four Spindle 98,3 MB

A

.~

Note = Disk Controller was not presented hﬁre as each controller may control up to eight (8)

spindles in any combination of the above devices.

'\'\ \
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ANDREWS UNIVERSITY
CONVERSION PROPOSAL
| BY . |
‘ XEROX
| COMMERCIAL SYSTEMS DEPARTMENT

NOVEMBER 6, 1972
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XEROX

1.0

INTRODUCTION

Xerox is pleased to offer the services of its Commercial
Systems Department to convert Andrews University
Administrative Computer Systems COBOL programs to
